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CHAPTER I 
INTRODUCTION 
1. The Research Problem 
Purpose of the study.-- The purpose of this study was to 
test the effectiveness of four filmed introductions to the 
general science motion picture, Learning About Light.!/ An 
attempt was made to determine whether each of the introductions 
aided the motion picture to become a more effective teaching 
medium than it was when used by itself. 
The filmed introductions consisted of combinations of the 
following components: 
1. A presentation of the technical vocabulary included 
in the motion picture 
2. A general deseription of the content of the motion 
picture along with a statement of the purpose for 
showing the motion picture 
3. A set of questions directed toward a grasp of the con-
cepts as presented by the motion picture. 
Hypothesis.-- This study attempted to verify that filmed 
introductions constructed according to certain learning prin-
ciples would increase the teaching efficiency of the motion 
!/Encyclopedia Britannica Films, Inc., Learning About Light, 
16 mm. sound film, black and white, Wilmette, Illinois, 1955. 
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picture, Learning About Light in such a way that seventh-grade 
students would learn better and retain longer certain concepts 
about the behavior of light. 
Definition of terms.--
A. Concept 
"Conception may be defined as the operation of 
2 
the intellect in abstractin~ from representations of 
concrete objects and qualit1es, the essential ele- !/ 
ments or substantial nature or essence of the object." 
·~en the process [of abstraction] is carried to 
the stage in which this property is apprehended in its 
own right, independently of the_qriginal perceptual 
background, we have a concept."~ 
In this study, conceptual learning, as defined 
above, was measured by testing the students' ability 
to apply thirteen principles of light to objects and 
materials in situations independently of those in the 
motion picture. 
B. A filmed introduction consists of a section of motion 
picture film which precedes the intact physical science 
motion picture, Learning About Light. Three separate 
filmed introductions were constructed for use in this 
study. They contain combinations of vocabulary; gen-
eral description with stated purpose; and directed 
questions. A full description of these introductions 
is covered in Chapter III. 
c. The motion picture used in this study was produced by 
Encyclopedia Britannica Films, Incorporated, and is 
entitled, Learning About Light. It is black and white 
and eight minutes in length. This film was designed 
for the pre-adolescent and categorized as an "EB Jr." 
film. Its description follows: 
"Deals with such basic concepts 
light as which objects are luminous; 
transparent, translucent, or op~que; 
tion, and what is refraction."!! 
in the study of 
when are objects 
what is reflec-
Justification.-- Previous research indicates that educa-
tional films are more effective teaching devices when the 
viewers are provided with an introduction. In most instances, 
the teacher assumes the responsibility for this preparation, 
since it is she, normally, who guides the students in their 
learning activities. However, there are instances when, for 
one reason or another, this preparation does not occur. Logi-
cally, this adds up to a less effective learning experience. 
Therefore, it was reasoned that if a filmed introduction could 
be constructed similar to a teacher introduction it also might 
aid the motion picture to become a more effective teaching de-
vice. 
Though there was no attempt in this experiment to compare 
i/EDcyclopedia Britannica Films, Inc., Catalogue, Wilmette, 
Tllinois, 1960. 
3 
filmed introductions with a teacher introduction, it is en-
tirely possible that a built-in introduction could aid the 
teacher in preparing her own introduction. She could view 
the filmed introduction if she has neither the time nor the 
opportunity to preview the entire motion picture. In so doing 
she could take her cues from the introduction in lieu of the 
film guide which rarely, if ever, reaches the teacher. 
If the teacher wished to involve the class in a discussion 
of the purpose and vocabulary of the motion picture she could 
stop the film after the introduction and proceed with a par-
ticipation period, after which she could project the body of 
the film. 
There is now reason to believe that one of the resources 
of the "independent" learner will be the motion picture. When 
the day comes that the projecting of a motion picture will 
approximate the ease of opening a book then the motion picture 
should be as self-explanatory as a book or at least one of its 
chapters. Research in this direction is necessary now in order 
that educational materials keep abreast of the results of edu-
cational psychology. 
To warrant the inclusion of content which (in Metropolitan 
Boston, at least) is normally taught above the seventh grade, 
the following reasons are furnished: 
1. Some seventh grades do include behavior of light in 
their curricula. 
4 
2. The motion picture Learning About Light was designed 
for the upper elementary and early junior high school 
child. 
5 
v 3. A study directed by Nelson concludes that elementary 
school children were able to learn and understand cer-
tain principles of light which heretofore were con-
sidered as appropriate to the secondary school. 
Finally, it was felt that results from this experiment 
might be helpful to producers of educational films. As con-
structed, the filmed introductions could be included in new 
films or adapted to existing films. 
Scope·-- Two hundred and seventy-one seventh-grade stu-
dents of the total population of 316 of one junior high school 
were the participants in this experiment. Lack of compatible 
intelligence test data and absences, caused 45 students to be 
excluded from the study. 
Four hundred and seven students of the total seventh grade 
population of 417 of another comparable junior high school were 
participants in a viewing-test situation in order to determine 
the validity and reliability of the preliminary measuring in-
strument. The selection of this population was based on the 
likeness of the distribution of intelligence test scores, and 
on the likeness of the communities according to socio-economic 
level. 
earl A. Ne son, "The Acquisition of Concepts of Light and 
ound in the Intermediate Grades," Science Education (October, 
1958), Volume 42, Number 4, PP• 357-361. 
6 
The only criterion used in the selection of these particu-
lar seventh grades was that they bad had no previous formal 
instruction concerning the nature of light. According to a 
survey of several local courses of study and general science 
textbooks it was determined that, for the most part, the study 
of light is not undertaken before the eighth grade and usually 
not before the ninth grade. It was further determined by con-
sultation with the staffs concerned, that the material as pre-
sented would most likely be a learning experience and that the 
vocabulary (other than technical), in the preliminary test 
would not be a distracting factor in the measurement of results. 
Limitation of scope.-- In order to put this study in per-
spective with respect to the learning process in general and 
science teaching in particular, there is a need for discussion 
of its scope, broadly defined. Certainly the scope in its nar-
row sense is defined. One fila with several treatments was 
tested with one population of one school. The methodological 
approach seems so well justified by previous research on learn-
ing and especially science learning, that the reader may be 
misled to believe that a "complete" method of teaching underlies 
the hypothesis put forth. This is not so. For instance, it is 
not concerned with the imaginative aspects as promoted by 
teacher-student discussion; methods of securing reliable infor-
mation; critical thinking (except in its simplest form); the 
logic and reasoning coincidental to experimentation; and the 
• 
like. However, in order to learn in the science context a 
child first must be guided in his selection of sensation as it 
relates to particular goals. The present study is concerned 
only with this phase of learning. 
2. The Seventh Grader--Some Characteristics 
In general, the seventh grader can be considered as pre-
adolescent. In some cases the initial adolescent spurt has 
taken place. 
y 
Lee and Lee sum up research to show that rapid 
growth at this age has no bearing on scholastic achievement. 
7 
Strang, in speaking of the child's response to his environ-
ment, states: '~is curiosity about the world and sheer delight 
in being physical~ and mentally active still 
early childhood." 
persists from 
Pertinent to the ability necessary to perceive the con-
tents of the motion picture used in this study, Kelly notes 
that: ''The mental characteristics of this period [pre-ado-
lescent] include a keen observation of details, and the power 
of prolonged attention; a well-developed, constructive imagina-
l/ 
tion and sensory memory." 
In discussing the cognitive functioning in the middle 
!fJ. Murray Lee and Dorris May Lee, The Child and His Develop-
ment, Appleton-Century-Crofts, Inc., New York, 1958, P• 59. 
2/Ruth Strang, An Iatroduction to Child Study, Pourth Edition, 
The Macmillan Company, New York, 1959, P• 417. 
3/william A. Kelly, Educational Psrcholog{, Revised Edition, 
The Bruce Publishing Company, Milwaukee, 947, P• 220. 
years of childhood [pre-adolescent] Stone and Church state: 
"As the child develops an objective orientation, he 
begins to wonder both about himself as an object and 
about the cosmos in which he must locate himself. During 
this period, he becomes more interested in and able to 
absorb general principles,••••"!/ 
"As the child grows older," according to these authors, "he 
becomes less concerned with the nuggets of information and in-
creasingly with abstractions and generalizations. ,,Y Regarding 
his ability to perform thinking on the concept-forming level 
Stone and Church conclude, "As we have said earlier, many of 
the dimensions of adult experience may still not have become 
meaningful to him, but his basic conceptual processes are al-
ready in good working order.'Y Jersild confirms this mental 
characteristic of children when he points out that, 
"A child at the age of six tends to a much greater 
extent than a child aged ten or twelve or older to think 
in specific terms. As tiae goes on, a child is able, 
increasingly, to encompass larfer classes or categories 
as distinguished from the spec1fic item or eveat.•1.!/ 
It is known, then, that the seventh grader or more nearly 
correct, the pre-adolescent, is interested in his environment, 
that his scholastic achievement is not adversely affected by 
8 
l/Joseph L. Stone and Joseph Church, Childhood and Adolescence, 
~andom House, New York, 1957, P• 241. 
?:/.Loc. cit. 
yLoc. cit. 
4/Arthur T. Jersild, Child Psychology, Prentice-Hall, Inc., 
~ew York, 1950, P• 376. 
rapid growth as he assumes adolescence; and that he not only 
has the ability to learn concepts, but in fact desires to do 
SO• 
In sumaary it can be stated that there is evidence of a 
need for the study undertaken; the participating students 
9 
have the ability and the desire to learn concepts of the na-
ture peculiar to the content of the motion picture, Learning 
About Light; and there is the possibility that the results of 
the study could materially effect the production of more effec-
tive educational films. 
The next chapter deals with a review of research as it 
relates to the following features of this study: 
a. need for improving educational motion pictures 
b. common elements of introductions to educational motion 
pictures 
c. perception and its application to viewing educational 
motion pictures 
d. concept formation and its application to science 
teaching 
e. introduction techniques used with educational motion 
pictures 
f. other factors of filmed introductions 
CHAPTER II 
REVIEW OF THE LITERATURE 
AND RELATED RESEARCH 
The purpose of this chapter is to give perspective to the 
experiment. It considers the need for improving educational 
films, the theoretical framework of the study and the contri-
butions of other studies as they are related to this particular 
work. Specifically this chapter is concerned with the common 
elements of previous introductions to educational motion pic-
tures, the part perception plays in learning from films, and 
concept formation in science learning. The various intro-
ductory techniques heretofore investigated are summarized, as 
are those studies which have treated narration and repetition 
as factors affecting the perception of educational motion pic-
tures. 
Arnspiger, one of the earliest experimenters with sound 
motion pictures, in citing the need for improving educational 
films, suggested that there be " •••• a careful appraisal of 
existing pictures for the purpose of improving production tech-
niques and thereby increasing the value of sound pictures as 
educational tools.•,l:/ 
~Varney C. Arnspiger, Measuring the Effectiveness of Sound 
otion Pictures as Teaching Aids, Teachers College, Columbia 
University, New York, 1933, p. 1. 
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Many studies have been made of production techniques of 
motion pictures since 1933. The Instructional Film Research 
Program of Pennsylvania State University!/ has been notable 
in this area, as well as in the area of testing the applica-
tion of various techniques including set, to supplement film 
showings. 
11 
Actually very little has been attempted in the matter of 
building a filmed introduction as a way of improving educational 
motion pictures. However, some inferences have been made about 
this production variable on the basis ot past research, and on 
the future uses of educational films. 
In summarizing pertinent research,Allen states that, 
"Certain improvements can be 'built-in' to audio-visual in-
structional communications (particularly motion picture films) 
to increase their teaching value •••• ~ 
He notes that, "Further study is needed of production 
variables, particularly as they relate to audience learner 
characteristics~such as perception] and the techniques of 
classroom use." 
Wagner, in treating the future use of educational motion 
!/Instructional Film Research Program, Pennsylvania State Uni-
versity, Port Washington, L. I., New York. 
~illiam H. Allen, "Research on New Educational Media: Summary 
and Problems," Audio-Visual Communication Review (Spring, 
1959), Volume 7, Number 2, PP• 83-90. 
~Loco cit· 
pictures forecasts that, " •••• The teaching film of the future 
may be expected to function in situations where qualified 
teachers are not available, or, as in the case of some adull 
education programs, where there may be no teacher at all." 
12 
After reviewing various studies on motivation in learning 
and relating these to motion pictures, Miller says that, "Suit-
able material in the introduction and elsewhere in the film 
should help to motivate the student to learn from it • 
•••• There is some evidence suggesting that a suitable intra-
duction in the film may improve its effective~•· but 
an area in which more work needs to be done." 
this is 
Common elements of introductions to educational motion 
pictures.-- Audio-visual educators in their classes and through 
teachers' guides for years have proposed that the introduction 
of an educational motion picture consist generally of a de-
scription of the film content, the definitions and explanations 
of new words which are necessary to understand the film con-
t.ent, a!].d some questions or provocative statements related to 
the expected learnings from 
Wittich and Powlkesl/ 
the film showing. 
combined these elements in a study 
i)Robert w. Wagner • "The Teaching Film of Tomorrow," Audio-
Visual Communication Review (Summer, 1954), Volume 2, Number 
3, P• 2l7. 
2/Neal B. Miller, Graphic Communication and the Crisis in 
lducation, Special Issue, Audio-Viauil Communication Review 
(1957}, Volume 5, Number 3, P• 73. 
3/W. A. Wittich and J, G. Fowlkes, Audio-Visual Paths to 
!earning, Harper and Brothers, New York, 1946, P• 29. 
13 
which included the introduction (non-film), among other factors, 
in comparing three instructional aethods of using educational 
aotion pictures. This study is explained further under the 
heading of introduction techniques. y 
VanderMeer concluded fro• an experiaent that using a 
study guide slightly improved performance over showing films 
exclusively. The study guide presented material, the nature 
of which is easily grouped as vocabulary, synopsis of content, 
purpose and directed questions. 
Perception in learning: its application to educational 
motion pictpres.-- Reasons which teachers and researchers hold 
for choosing certain ways or aeans,to introduce motion pictures 
could be based on their own logical appraisal of what is neces-
sary, or on existing theory. Probably it is a little of each. 
The development of short filmed sequences to prepare stu-
dents for the viewing of an educational motion picture as used 
in this study was based on a principle of learning: specifically 
that it is possible to "set" an individual to learn in a desired 
way. ~ refers to the readiness of a person to attain a goal. 
His degree of readiness can be attributed in some part to the 
way in which he is made aware of a goal. If he is led to per-
Long 
Pennsylvania 
y., 1950. 
14 
ceive a variety of information in terms of common character-
istics, he is at the threshold of learning concepts. It follows 
that cues to the perception of specific information as related 
to common elements in the matter to be learned will help him 
toward this goal. 
The use of filmed introductions is not an attempt to frag-
mentize the content of the film proper. Rather, it is aimed 
at providing a "whole" frame of reference. The introductions 
are structured with an attempt to have the students perceive 
the details of the film in terms of larger pertinent ideas. 
This is in line with what is known as the field theory of 
learning and is supported by Burton's explanation of this theory: 
"••••learning proceeds first through perceiving a 
living whole, even though imperfectly, which is important 
to the learner's purposes. Progressive differentiation 
of the components not only gives smaller wholes{ but con-
tributes to understanding of the larger whole."!/ 
Further, he explains about differentiation as it contrib-
utes to accurate perception. "The parts must be specifically 
attended to, differentiated out of the field to become known.• ~ 
In support of the transl.ation of this theory to the appli-
cation of method (such as is reflected in the filmed intro-
ductions), Burton states, ·~rainin~ enables us to differentiate 
i/William H. Burton, The ~idance of Learning Activities, 
Second Edition, Appleton-century-Crofts, Inc., New York, 1952, 
P• 186. 
~Ibid., P• 187. 
out of a functioning whole the various parts.•)/ The field 
theory essentially applies to perception. It is an exposition 
of how best to perceive in order to learn, according to the 
nature of learning. 
After explaining that perception is the interpretation 
of sensation, Kelly points out the teacher's role in directing 
observation: 
·~at is learned and how it is learned depends upon 
what is observed and perceived and how it is observed 
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and perceived. Therefore perception furnishes the ground-
work of all knowledge. 
The teacher's task is to guide and to direct the 
mind to make the best use of the senses. The wise teacher 
endeavors to build up the intellectual life of the child 
from a background of well-ordered sensory experiences. "Y 
In speaking of levels of perceptual readiness for a 
learning situation, Commins and Fagi~ indicate that the 
learner first has a need which produces a level of "drive" or 
general goal activity. The student is hereby made more sus-
ceptible to objects and activities relevant to the satisfaction 
of the need. The next level which manifests itself in the or-
ganization of learning is that of a mental "set", particularized 
goal or objective. The third level has to do with a clear per-
~eption of means leading to a goal. 
!/Ibid., P• 188. 
2/William A. Kelly, Educational Psychology, Revised Edition, 
~he Bruce Publishing Company, Milwaukee, 947, P• 259. 
3/W. D. Commins and Barry Fagin, Princi~es of Educational 
~sycholo~J• Second Edition, The Ronald ess Company, New 
York, 19 , P• 494. 
The pre-adolescent's part in the learning process with 
respect to perception is indicated by Strang, who says, "The 
child's perception of a particular learning situation is 
largely determined by his previous responses and the context 
of field in Which the learning occurs.~ 
Trow, while describing the coaplex learning situation, 
indicates the need for a trained person to point the way. He 
clarifies his position with respect to perception when he 
states: 
"Since children, like everyone else, respond to 
what they see or perceive, this is what decides, at 
least in part, What their responses will be. So if they 
are going to learn the correct responses, it is important 
that they see the right things, that is, the significant 
patterns of things in the total stimulus situation."V 
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As a preface to explaining soae of the psychological bases 
for directing observation in film viewing, Leestma states, "An 
accepted practice in film utilization has been that of directing 
observation of the class to certain aspects of the film they are 
to see.•)/ 
!J.Loc. cit. 
2/William Clark Trow, The Learning Process, Bulletin, 1954, 
~umber 6 of Series, What Research Says to the Classroom 
Teacher, Departaent of Classroom Teachers, American Educa-
tional Research Association of the National Education Asso-
ciation, Washington, D.c., P• 18. 
3/Robert Leestma, "Directed Observation in Film Utilization," 
Audio-Visual Communication Review (Spring, 1954), Volume 2, 
Number 2, PP• 163-169. 
"A sound motion picture presents a very complex 
pattern of stimuli to the viewer. Actually there are 
several thousand patterns of stimuli presented. Each 
time a different picture or sound occurs the stimuli 
patterns change. Because of individual differences in 
perception, at any given moment picture and sound are 
capable of being perceived in a wide y~iety of ways, 
by individuals as well as by groups. "!I 
In support of the above mentioned practice of directing 
observation,Leestma applies learning theory to a film viewing 
experience: 
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"Which of the relationships perceived in any situa-
tion or pattern depends upon how the field is structured. 
Set helps determine the structure of the field. Set to 
observe a particular item or relationship helps the pupil 
to isolate and identify the significant portions, and 
thereby increases the possibilities of ac~;eving the pur-
poses for which the film is being shown."~ 
Miller, in discussing "cue" relative to perception in 
learning from motion pictures, defines a relevant cue as "one 
to which the learner 
efficient habit. ,J/ 
should respond in order to have the most 
He goes on to state with logic, "Then, 
the relative effectiveness of stimulus presentations via vari-
ous modalities should depend upon which one contains the 
relevant cues for the particular materials involved."Y 
further, "We would expect motion pictures to be able to 
21 
learning by focusing attention on the relevant cues." 
!/Loc. cit. 
e{Ibid., P• 105. 
~Op. cit., P• 77. 
Y,Loc. cit. 
,2/Ibid. 1 P• 83. 
most 
And 
improve 
The filmed introductions used in this study consist of a 
series of "cues" arranged in accordance with the purpose of 
the film lesson. 
Concluding from experiments concerning the part played 
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by perception in the attainment of concepts, Commins and Fagin 
state: 
"Genetically we respond to things before we respond 
to ideas, and the perceptual whole which makes the idea 
possible depends on its thing-character or its tangi-
bility as an object. In the psychological sense, the 
ease of concept formation depends on the degree to which 
the critical feature can be distinguished through the 
perceptual process we normally use in identifying ob-jects."l:/ 
The first large comprehensive study of the value of edu-
cational 
Wood and 
motion pictures 
Freeman?:/ under 
in the classroom was performed by 
a grant by the Eastman Kodak Company. 
It included geography and general science films. It is signifi-
cant and related to the present study in that the investigators 
recognized that information, as such, was not the only or even 
the desirable outcome produced by the use of an educational 
film. In pointing out the need for making key statements pre-
paratory to the showing of a film, they state: 
"Pupils are not expected to retain distinct im-
pressions of every detail shown in the picture. 'Se-
lective seeing' is as important as 'selective reading' 
in the study process. Inferences which underlie and 
yap. cit., P• 695. 
2/Ben D. Wood and Prank N. Freeman, Motion Pictures in the 
~lassroom, Houghton Mifflin Company, Boston, 1929. 
and give meaning to groups of details are in the end 
more valuable than the details from which they are de-
rived•"!/ 
It becomes increasingly clear that students can be guided 
in their perception of a body of information. This guidance, 
of course, is handled according to the purpose of the learning 
activity, and is of particular value in the perception of edu-
cational motion pictures. 
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Concept formation.-- There are different levels of learn-
ing which proceed from the simple to complex. To observe an 
image in its own right proceeds to a higher level when it is 
observed and recognized that two or more images (objects, pro-
cesses, situations) have common elements. This level of learn-
ing is referred to as concept formation. It is assumed in 
this study that the filmed introductions can further aid the 
film presentation in guiding the students to this level of 
learning with respect to the behavior of light. 
The definition of concept as given in Chapter I is ampli-
fied by the following references. The Dictionary of Education 
defines a concept as, "an idea or representation of the common 
element or attribute by which groups or classes may be dis-
tinguished.'~ That the recognition of the common elements is 
a concept is embodied in the definition, by the same source, 
!/Ibid., P• 20. 
2/Dictionary of Education, Second Edition, Carter v. Good (Edi-
tor), McGraw-Hill Book COmpany, Inc., New York, 1959. 
of abstraction. "Abstraction," states the Dictionary of Edu-
cation, is, "the process of recognizing common character-
istics which relate to specific objects or situations and 
11 identifying these characteristics as a general concept." 
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Conception transcends, but depends upon sensation and 
perception, in the hierarchy of learning. According to Kelly, 
"The formal object of intellect is the essence of things in y 
its widest sense." Further, "Percepts and images present 
directly the individual, while concept presents directly the 
universal.~ 
The stated purpose of the motion picture used in this 
study is to provide a base for the formation of pertinent con-
cepts. It follows that the introductions should align them-
selves with this purpose. The test used in this study is an 
attempt to measure the extent to which this purpose was achieved 
according to the treatment variations. 
Concept formation in science and audio-visual material.--
Confirming the fact that the present study is in line with the 
accepted purposes of science teaching at the secondary level, 
Barnard says, "The ultimate objective [in science learning] 
is an understanding of the generalizations wnich make clear 
Yibid. 
yap. cit., p. 134. 
,Y.Loc. cit. 
the relationship of a number of facts to the interpretation of 
!I 
a natural phen011enon." Although remarking that some science 
films are inadequate to deal with the major objectives of sci-
ence it is concluded by Barnard that: 
"Selected sound aotion pictures have been found to 
be as effective as teacher deaonstrations in certain 
learning situations. Some films, if properly selected 
and used, can present facts and concepts not taught by 
other methods·"~ 
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Proper selection of a film which would help in the attain-
ment of concepts implies that the film not only presents phe-
nomena but also promotes cognitive relationships. 
"Science principles," asserts Brown, "can be learned by 
rote aethods but this lack of conceptual growth assures the 
student of only a small degree of learning of any lasting na-
ture.')/ 
The use of the teras principle, generalization and concept 
in the literature of education ia general and science education 
in particular tends to confuse the reader. In so many instances 
these terms are used interchangeably. Assuming first of all 
that the definition of concept as provided in the introduction 
l/J. Darrell Barnard, Teaching High School Science, Bulletin, 
I956, Number 10 of Series, What Research Says to the Classroom 
Teacher, Department of Classroom Teachers, American Educational 
Research Association of the National Education Association, 
Washington, PP• 6-7. 
Y,Loc• cit. 
3/Stanley B. Brown, "A Consideration of the Learning Process in 
'fcience Teaching," Science Education (February, 1958), Volume 
42, Number 1, P• 80. 
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to this study is correct, let us look at the way science uses 
the other terms. In a discussion of principles of science, 
!I Blanchet illustrates that there is some disagreement in the 
use of "principle" and "generalization." However, from his 
compiled definitions of "principles" of science in various 
subject matter fields it can be seen that in most cases "prin-
ciple" is defined as the statement of a "generalization." 
"Generalization" is the abstraction of a constant relationship 
between two or more facts, within the limitations specifically 
stated. If, at least for the purpose of this study, we accept 
this clarification then "concept" is that abstraction which 
enables the learner to put into practice his acquired generali-
zations. 
Heiss, Obourn and Hoffman also believe that visual aids 
can provide the sensory experiences necessary to the develop-
ment of science concepts. "To be effective," they say, "sci-
ence 
make 
teaching should be built aroun~oncrete experiences which 
abstract material meaningful." They contend that, "Two 
of the chief causes of pupil failure in science courses are 
lack of concrete experiences with objects and events and the y 
prevalence of hazy c.oncepts." The following direction to 
1 aldo w. E. Blanchet, "Principles of Science: A Look Ahead," 
cience Education (February, 1957), Volume 41, Number 1, pp.l-9. 
~Elwood o. Heiss, Ellsworth s. Obourn and Charles w. Hoffman, 
Modern Science Teaching, The Macmillan Company, New York, 1950, 
P• 287 • 
,Y.Ibid. I P• 43. 
teachers by these authors appears to substantiate the kind of 
filmed introductions used in this study: "Science teachers 
should guide their students in distinguishing intellectually 
two kinds of qualities or characteristics; those peculiar to 
each situation and 
others of its kind 
those which it possesses in common with 
or class.,.!/ 
Crow and Crow refer to these characteristics as the pro-
cesses of differentiation and integration in learning: 
"Learning that proceeds by the process of noting de-
tails in a situation, the general form or outline of 
which previously has been experienced, is known as the 
process of differentiation. As the individual is stimu-
lated to systematize or to unify [generalize] his many 
experiences or the things t~at he learns, integration in 
learning is taking place."~ 
Introduction techniques.-- An early (1933) report on the 
effect of science 
that by Rulon. Y 
motion pictures on conceptual learning was 
Using ninth-grade subjects in a general sci-
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ence course he observed that, when pertinent films were added 
to textbook instruction, a 24.1 per cent superiority over text-
only instruction occured in eductive [conceptual] learning. 
His findings indicated further that a 41 per cent superiority 
over textbook-only instruction existed when the retention of 
concepts was tested after three and one-half months. 
:!/Ibid., P• 44. 
~Lester D. Crow and Alice Crow, Educational Psychology, Re-
vised Edition, American Book Coapany, New York, 1958, P• 237. 
1fP. J. Rulon, The Sound Motion Picture in Science Teaching, 
Harvard University Press, Cambridge, 1933, P• 105. 
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Prom a study by Vernon, reported by Hoban and van Ormer,!/ 
it is suggested that a motion picture which was used following 
a filmstrip (to fix the details) aided better understanding of 
principles which were presented for learning. 
VanderMeer~ studied three matched groups of ninth-grade 
general science students using forty-four sound films related 
to four units of general science that extended over three 
months of school. No reliable differences were shown among 
the group that used films only, one which used a written study 
guide plus the films, and the control group which used a usual 
method of presentation. The group which used films only, 
finished about four weeks in advance of the other two groups, 
reducing the instructional time about 20 per cent. 
Wittich and Powlke~ concluded from their study of chil-
dren in grades four through six, that a film shown after pre-
sentation and discussion of content, technical vocabulary and 
related questions, was a more effective learning device than 
showing a film without introducing it in this way. 
Lathrop and Norfor~ examined the part played by a 
!/Charles P. Hoban, Jr. and Edward B. van Ormer, Instructional 
Film Research. 1918-1950, Technical Report SDC 269-7-19, u.s. 
Department of the Army and u.s. Department of the Navy, Port 
Washington, Long Island, N. Y., Special Devices Center, 1950, 
P• (8-30). 
~Op. cit. 
3/W. A. Wittich and J. G. Fowlkes, Audio-Visual Paths to 
rearning, Harper and Brothers, New fork, 1946, P• 89. 
4/C. w. Lathrop, Jr. and c. A. Norford, Contributions of Film 
Tntroductions and Film Summaries to Learning from Instructional 
Films, Technical Report SDC 269-7-8, Instructional Film Re-
search Program, u.s. Naval Training Device Center, Port Washing-
ton, Long Island, N. Y., 1953, P• 8. 
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built-in fila introduction to a motion picture. They selected 
three films which seemed to include good introductions. After 
cutting the introduction from one print of each film, they pro-
vided a controlled experiment environment whereby the prints 
without the introduction were shown to one group and those 
prints with the introduction remaining were shown to the other 
group. With two of the films, no significant differences were 
produced between the two groups. With the other film a sig-
nificant difference in favor of the group who saw the film 
without the introduction was observed at the 2 per cent level 
of confidence. 
In order to gain more specific knowledge of the effect of 
introductions (filmed) on fila learning, the authors suggested 
further study into the kinds of introductory sequences which 
are most useful in promoting learning from films. 
The Yale Motion Picture Project conducted a study of the 
effects of "motivating" questions, "designed to interest the 
pupils in learning the material about to be presented and to 
direct the attention to the relevant aspects of what was to be 
shown.~ The experiment involved tenth-grade students in 
matched groups and the film used concerned the heart and cir-
culation. The students were tested on factual information re-
sulting from showing the film by itself and with three separate 
!/Yale Motion Picture Project. "Do Motivation and Participa-
tion Questions Increase Learning?" Educational Screen, Volume 
26, 1947, P• 256. 
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treatments as follows: motivating questions plus film; film 
plus participation; and motivating questions plus film plus 
participation. Classically, the most complete treatment showed 
the most gain. It was reported, however, that a 2.3 per cent 
gain resulted from adding the filmed ''motivating" questions to 
the front of the film. Parenthetically, film plus "partici-
pation" showed a 4 per cent gain and the full treatment showed 
a 5.8 per cent gain. In the summary of this report after making 
statements pertinent to the other treatments a conclusion was 
drawn that, ·~e experimental data further suggest that the 
addition of questions designed to increase the students' moti-
vation to learn, preceding the presentation of each unit of 
material, may also increase somewhat the amount of material 
learned from a film.~ 
A study of the effects of inserted questions and state-
ments on film learning is reported by Kurtz, Walter and Bren-
ner.~ Two films were used in a variety of six treatments. 
Significant learning resulted from their experimental treat-
ments over showing the films alone. As a side light to this 
study the authors suggest that, despite matching group for 
group between two schools, the inconsistency of the rank order 
of the six methods showed that inter-school variability may 
yLoc. cit. 
Brenner, The 
on Pilm Learnin , 
Pro-
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have affected the results. It was on the basis of this latter 
suggestion that the writer decided to confine his study to the 
total population (excluding those with inconsistent data) of 
one school. 
Schulman!/ discovered that by introducing a motion picture 
with a "positive" or pleasant oral approach to the selection of 
information as opposed to a "negative" or unpleasant approach, 
a significant difference in favor of the "positive" approach 
was achieved. He used a film applicable to ninth-grade gen-
eral science on the subject of nutrition. His two groups were 
formed by random assignment and confined to one school. In 
order to achieve a sound-on-fila effect he recorded the ex-
perimental oral presentations on magnetic tape after which he 
re-recorded the sound track of the motion picture onto the 
same tape. This tape was then played in synchronization with 
the visual portion of the motion picture. It is important to 
note that he used the visual introductory sequence inherent in 
the film selected and then prepared his oral presentation to 
go along with it. y 
A recent experiment by Bernard Kantor concerned the 
effectiveness of inserted questions at the natural breaks in 
1/Milton Schulman, The Effect on Learning of Two Ty~es of 
Introductions in Ninth-Grade General Science, Unpub ished 
Doctoral Dissertation, New York University, 1958. 
Film 
2/Bernard R. Kantor, "Effectiveness of Inserted Questions in 
Tnstructional Films, .. Audio-Visual co-unication Review (May-
June, 1960), Volume 8, Number 3, PP• 104-108. 
a fila shown to seventh-grade students. One of two experi-
mental versions had the questions come before the material or 
section to be learned; in the other version the questions fol-
lowed the section. 
Results of this study showed that neither experimental 
version produced any more effective results than did showing 
the film without questions. The author states that this con-
tradicts suggestions by other researchers. He notes, however, 
that using other variables or a different population might pro-
vide other results. He concludes, "Obviously, much more study 
is needed in the instructional fila ~a of learning and in 
particular the dimension of viewing." 
McNiven notes from the results of an experiment on "per-
ceived usefulness": 
"The manner in which an individual perceives 
learning situation as being 'near' or 'far' from 
use of the material to be learned, aay_v~ry well 
fluence his learning of the aaterial."b' 
the 
the 
in-
McNiven's study measured learning which resulted from the 
viewing of three motion pictures. Bach film was preceded by a 
different ttset•" A significant difference in learning was 
established between the different techniques of "set" in favor 
!/Ibid., P• 108. 
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of the techniques which provided a "near" useful goal as 
opposed to a "far" or more remote goal. Again, the introduc-
tion was not on film but contributes to the body of informa-
tion which favors a guided introduction to the viewing of a 
motion picture in a learning situation. 
Repetition.-- Though it is not known specifically the 
effect on learning of the introduction of a film, one of the 
factors operating is probably repetition. Repetition of a 
word, idea, picture or symbol was considered as part of the 
introduction-on-film of the present study. 
Repetition of subject presentation as an aid to learning 
is a firmly established principle of learning. One of the 
earliest, if not the earliest experiment, to determine its 
value with films was conducted by Dr. Eads and Mr. Stover of 
the Research Staff of Erpi Picture Consultants, Inc. in 1931 
b Ar • y Th • d y nsp1ger. ough th1s stu y was concerned and reported 
with various treatments, one of these had to do with repeti-
tion. The analysis of results produced the conclusion that 
showing the film twice was a more effective procedure than 
showing the film only once. 
There is a point in the humaa dialogue, however, when 
repetition ceases to be effective, especially if it is not 
selective. In explaining the repetitive "osmosis" theory of 
learning based on repetitive showings as well as mere repeti-
!fop. cit., P• 78. 
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tion in the body of the film, White has this to say, ·~ •••• edu-
cational films so formulated are likely to have a sedative 
effect on their audiences--particularly on the marginal stu-
dents who may have the greatest need to have their interests 
enlivened.,)/ 
y 
McTavish concludes from his experiment on learning froa 
film repetition, that the reshowing of a film (intact) once, 
results in significantly more learning. From the results of 
this study it would seem reasonable to assume that an intro-
duction that includes repetition might produce learnings over 
and above that produced by showing the film without an intro-
duction. 
Narration.-- Since the sound track of the introductions 
was recorded with a different voice (the author's) than that 
of the film proper, this difference was considered, but re-
jected when it was noted that the effect of this difference 
appears to be not significant. Studies by Binbecker and Han-
30 
sen, and the 
van Ormer,Y 
Scottish Film Council, as reported by Hoban and 
suggest that no clear-cut advantage can be assigned 
specifically to the mode of the commentary. It is the rele-
1 Ralph R. White, "Planning Films That Teach," Audio-Visual 
mmunication Review (Winter, 1959), Volume 4, Number 2, 
PP• 109-118. 
2/C. L. McTavish, Effect of Repetitive Film Presentations on 
learning, Technical Report SDC 269-7-12, Instructional Film 
Research Program, Pennsylvania State University, Port Washing-
ton, Long Island, N.Y., 1949. 
yap. cit., PP• 8-27. 
vance of the commentary rather than the variables of voice of 
the commentator that has an effect on learning. 
Though little work has been done to note the effect of 
cues built-in to the beginning of a film, the necessity of re-
search in this direction is logical to those who advocate the 
use of an introduction to a textbook (or one of its chapters). 
While this study consists of trying out introductory 
techniques with groups of students, there is no reason to be-
lieve that a film cannot use this technique when viewed in an 
individual screening situation. Lumsdaine!/ in discussing 
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automated teaching devices provides an illustration of a proto-
type of the "automated" projector for individual instruction 
about which he says, "Such a projector has been for years, and 
still is, one of the tools most needed for effective use of 
films in practical instruction." Although his reference is to 
a projector which will enable a student to perform a task to 
be learned as he watches the motion picture sequence, it would 
likely also apply to the learning of information and concepts 
as presented by any well-made film. 
This chapter has presented a review of the literature and 
related research concerning the need for improving educational 
motion pictures. To this end information about film introduc-
!fA. A. Lumsdaine, .,Teaching Machines and Self-Instructional 
Materials," Audio-Visual Communication Review (Summer, 1959), 
Volume 7, Number 3, PP• 163-181. 
tions, especially as related to perception in the attainment 
of concepts, was noted. The next chapter contains an explana-
tion of the rationale used in constructing the filmed intro-
ductions and the test used to measure the results of the ex-
periment. 
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CHAPTER Ill 
CONSTRUCTION OF MATERIAL 
In order to carry out this study, it was necessary to 
construct filmed introductions to the motion picture, Learning 
About Light. These introductions were used in different com-
binations with the film, in order to evaluate the learning 
effect of these combinations on seventh-grade students. It 
was also necessary to construct an instrument to make this 
evaluation. This chapter is concerned with the construction 
of both the introduction and the test used for evaluation. 
1. Filmed Introductions 
Selection of material.-- The material was selected on the 
basis of the content presented in the film. The elements of 
the introductions were based on suggestions offered in film 
guides, from teacher introductions as indicated in audio-
visual textbooks and the introductions noted in previous re-
search dealing with the introduction to a motion picture. 
Kinds of material.-- As a guide to the teaching structure 
of the introductions so that they might promote concept learn-
ing and not be something merely repeated by the film, the 
writer placed dependence on the following statement by Strang 
regarding the teaching of principles: 
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"Instead of telling the child the principles 
underlying the solution of a problem, it is better to 
help him discover them for himself. Sometimes a ques-
tion will call the child's attention to the principle. 
Sometimes situations can be modified so as to reveal 
new ele~;nts that make the solution evident to the 
child."!t 
Therefore, with the exception of the vocabulary section 
of the introduction, the tone of the introductions is more 
general than specific. 
Callahan, in discussing the fact that the instructional 
process should arise from the latest research findings, quotes 
several psychological principles, which, if followed, tend to 
produce increased subject matter achievement. Of those men-
tioned in Callahan's dissertation, the following ones quoted 
from Seeney's work seem particularly applicable to the present 
study: 
"The pupil will learn better if the subject matter is: 
a. structured according to an analysis of the way pupils 
learn subject matter generally 
b. structured so that the pupil acquires experiences 
which help hia to understand the material 
c. structu~;d by wholes rather than in fragmentary 
parts."b 
4{!uth Strang, An Introduction to Child Stud,, Fourth Edition, 
e Macmillan Company, New York, 1959, P• 41 • 
a/James Harold Seeney, A Synthesis of the Experimental Evidence 
on Subject Matter Readiness organizations Included as an In-
tegral Part of the Instructional Pi'·ocess, Unpublished Doctoral 
Dissertation, University of Missouri, 1955, (as cited in Fred-
eric L. Callahan, Construction and Evaluation of a Series of 
Exercises to Develop organizational lSiiitr in Cbiidren's 
Writing, Unpublished Doctoral Dissertation, Boston University, 
1959, P• 16. 
34 
The introductions were reproduced on film in three parts. 
An explanation of the different parts follows. A complete 
script is shown in the Appendix.!/ 
1. General description with stated purpose. -- This sec-
tion was accomplished by photographing a typescript 
which explained the purpose of the fila to be viewed. 
This was followed with a series of eight short scenes 
selected from the fila. The scenes were selected to 
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provide an overview of the stated purpose and were 
accoapanied by an oral presentation (sound-on-film). 
The selection of each scene was dependent upon its 
clear illustration of one or more of the key principles 
underlying the behavior of light, as presented by the 
film. The narration was such that it called attention 
to the principles illustrated in the accompanying 
scenes. The purpose of this kind of narration, rather 
than one which explains the accompanying scenes, was 
to help the students to view the scenes in relation to 
the concepts to be learned. 
2. Vocabulary. -- The technical vocabulary was drawn from 
the film. It was photographed one word at a time with 
a definitive explanation. The accompanying narration 
repeats the typescript almost verbatim. 
3. Directed questions. -- This section consists of photo-
graphed typescript and poses a series of six questions. 
!/See Script Por Filmed Introductions in Appendix A. 
These questions requested the viewer to find answers 
in teras of objects, situations, or actions related 
to the principles of light behavior. Whereas the 
general description section of the introduction showed 
actual scenes from the fila, this section was entirely 
verbal as is the case of most film introductions pro-
vided by the classroom teacher. 
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Though each introduction could be used by itself, only the 
general description is used in this way. The other introduc-
tions are made up of combinations of the above sections as 
noted in the experimental treatment shown in the following dis-
cussion as well as in the next chapter. 
Production procedures.-- After determining the technical 
vocabulary presented by the fila it was necessary to provide 
a manner of fila presentation compatible with the perceptual 
abilities of the students. After consideration of ready-made 
titling letters, printing, and an oversize typed copy, it was 
decided to use copy made from an electric typewriter as it 
appeared on white paper. The decision to use the copy re-
sulting from the electric typewriter was based on the simi-
larity of the letters to those printed in most textbooks and 
the flexibility it offered for changing the text if the need 
arose. 
The sections dealing with directed questions and the 
stated purpose for showing the film were produced in the same 
manner. 
The fila used in the section concerning the general de-
scription was obtained from Encyclopedia Britannica Pilms, 
Incorporated. The process of selecting these duplicate sec-
tions of Learning About Light involved several screenings 
which included timing and reading script. 
When the duplicate footage was obtained from the pro-
ducer, one copy was edited and then used as a basis for match-
ing the three other copies. Since all copies came from the 
same original no variation between copies could occur. This 
control was inherent in all of the introductory components. 
Por all sections, the accompanying sound or oral pre-
sentation was recorded once only by the writer on a profes-
sional magnetic tape recorder. Though this procedure made 
the process of re-recording to fila more expensive, it was 
necessary in order to provide for control of differences among 
all copies. 
The visual and sound images were matched for printing by 
the writer, and again no variation between introductions of 
the same kind was allowed to occur. 
The filmed introductions were spliced onto the bead of 
each print of Learning About Light at exactly the same place 
and the footage separating each component was matched for 
exact time for all treatments. 
The breakdown of time for each component as grouped for 
each treatment is shown in Table 1. 
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Table 1· Time Allotment for Each Component, as 
Grouped in Treatments, of Filmed In-
troductions 
Com12onent Total 
Treatment Time in TJ.me J.n 
Minutes Minutes 
#1 General Description 1.24 1.24 
#2 General Description 1.24 
+ 
Vocabulary 1.14 2.38 
#3 General Description 1.24 
+ 
Directed Questions .56 2.20 
#4 General Description 1.24 
+ 
Vocabulary 1.14 
+ 
Directed Questions .56 3.34 
Though treatment #4 totals close to half of the running 
time of the film, Learning About Light, it is improbable that 
a teacher could provide a suitable introduction in less time. 
2. Test on the Behavior of Light 
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Construction of a preliminary test on the behavior of 
light based on the film content.-- Since no test of the content 
existed, it was necessary to build a preliminary test. It was 
decided to include all of the principles presented by the 
motion picture. These principles were obtained by a study of 
the motion picture and its accoapanying film guide.!/ Several 
. y 
general sc1ence textbooks were consulted as means toward 
becoming more faailiar with the language used in presentation 
of and questioning about, the principles of light behavior. 
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In the process of composing the items it was decided that items 
which included a restatement of a principle be discarded be-
cause in fact restated principles do not test understanding. 
The following reference is pertinent: "According to this dis-
tinction, therefore, the actual verbal restatement of a gen-
eralization is less important as an outcome of science in-
struction than is the ability to use such generalization.•~ 
In order to test that concepts were derived, the items were 
formed in such a way as to request the application of the 
learnings in situations other than those present in the film. 
A four-alternative-multiple choice format was decided 
upon because of its general acceptance and its compatibility 
for use with an IBM machine-scored answer sheet. The first 
draft of the preliminary test was checked against the format 
and type of item provided in the Read General Science Test.1f 
i/Encyclopedia Britannica Pilms, Inc., Pilm Guides for Motion 
~icture, Learning About Light, Wilmette, Ill1n01s, 1955. 
ysee Bibliography. 
lfLouis M. Heil, Paul E. Kambly and Marcus Mainardi, '~he Meas-
urement of Understanding in Science," National Society for the 
Study of Education, The Measurement of Understanding, Porty-
fifth Yearbook, 1946, Part I, Chapter VI, The University of 
Chicago Press, Chicago, Illinois, P• 105. 
4/John G. Read, Read General Science Test, World Book Company, 
~ew York, 1951. 
Subsequent changes brought the test to its preliminary form 
as shown in the Appendix.!/ 
The test in its preliminary form contained 76 items. 
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Each of the thirteen concepts involved was represented by at 
least five items. It was assumed that the experience of the 
seventh-grade students and even of those well below this 
grade, included a knowledge of all objects and materials cov-
ered in this test. This test was an attempt to measure the 
understanding of the following principles concerning the be-
havior of light in our environment, as illustrated in the 
motion picture, Learning About Light: 
1. An object from which light originates is a luminous 
object. 
2. A non-luminous object is seen by reflected light. 
3. Material through which light passes easily is called 
transparent material. 
4. Material through which only some light passes is 
called translucent material. 
s. Material through which no light passes is called 
opaque material. 
6. Light travels in a straight line. 
7. Light travels very fast. 
8. Refraction is the breaking or bending of a light ray. 
9. The angle formed by a perpendicular and a light ray 
as it strikes an object, is called the angle of in-
cidence. 
!/see Preliminary Test on Light in Appendix B. 
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10. The angle formed by a perpendicular and a light ray 
as it is reflected from an object, is called the angle 
of reflection. 
11. The angle of incidence is equal to the angle of re-
flection. 
12. The passing of a light ray from a material of one 
density into a material of a different density pro-
duces refraction. 
13. Light rays can be controlled to serve man. 
Since concept learning must be measured apart from the 
original perceptual background, the test items were concerned 
with the application of the above principles to objects, ma-
terials and situations similar to, but apart from, those 
illustrated in the motion picture. 
Administration of preliminary test.-- The test was ad-
ministered to 407 seventh-grade students similar in two re-
spects to the students of the junior high school selected for 
the experiment: socio-economically and according to the dis-
tribution of the derived scores of a similar test of intelli-
gence. 
In order to note the ability of the instrument to test 
the concepts based on information presented by the film, the 
film by itself was shown to this latter population, after which 
the test was administered in an attempt to determine its fit-
ness for use. The directions for the test were partly illus-
trated (by means of an overhead projector) and read to the 
entire group at one time. This treatment was unable to be 
afforded to the groups who participated in the experiment. 
They merely read the directions to themselves. 
The test produced a wide range of scores (73-14), a 
mean of 43.85 and a standard deviation of 14.86. 
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Validity of the test.-- The validity of the test was 
demonstrated in two ways: (1) agreement with the content and 
objectives of the motion picture; (2) the internal consistency 
of the test. Pirst, the motion picture and its accompanying 
film guide were examined. The test was then constructed so 
that the items were in agreement with the content and objec-
tives of the motion picture. 
As a check on the ability of the students to understand 
the meaning ot the items, the test was submitted to all seventh-
grade science teachers at the school where the test was to be 
administered. Approval was obtained with no objections to any 
part of the test. The test was then submitted to a seventh-
grade science teacher at the school where the experiment was 
to be conducted. He suggested the change of a few words, but 
otherwise voiced approval that the vocabulary would not in-
terfere with the meaning of the items for seventh-grade stu-
dents. 
In order to establish the internal consistency of the 
test each item was analyzed as to how well it discriminated 
within the test and how well it correlated with the total 
test. This information is combined in one figure for each 
item and shown in Table 2. The technique by which this in-
Table 2. Results of Itea Analysis of the Preliminary Test on the 
Behavior of Light Showing Levels of Item Difficulty and 
Item Discriaination of Accepted Items--in Order of Least 
Difficulty 
Item 
lo 
2. 
3. 
4. 
s. 
6. 
1. 
a. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
11. 
!a. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
31. 
38. 
Diffi- Discriai- I tea Diffi- Discrimi-
cu1ty nation cu1ty nation 
.a9 .so 39. .62 .46 
.aa .45 40. .61 .sa 
.86 o65 41. .61 • 53 
.as .61 42. .60 .69 
.82 .sa 43. .60 .66 
.al .45 44 • .60 .60 
• so .61 45. .60 .54 
.so .61 46 • .59 .4a 
• 1a .51 41. • 58 .17 
.11 .16 48. • 58 .ss 
.16 .11 49. .51 .11 
.16 • 66 so • .51 .61 
• 76 .35 51 • .51 .60 
• 75 .64 52 • .56 .68 
• 12 .so 53 • .56 o60 
.12 .11 54. • 55 o1l 
• 12 .6a ss • .ss .sa 
o7l .69 56. .54 .43 
.11 .56 51. .54 .41 
.11 .ss 58. .54 .32 
.11 o48 59. .54 ·27 
.70 • 71 60 • .53 .69 
• 70 .63 61 • .53 .45 
.70 ·62 62. .49 .62 
.70 .51 63. .48 .46 
• 69 .11 64 • .46 .46 
o69 .67 65· .45 .42 
.69 • 31 66 • o44 .60 
.68 • 62 67 • .44 .40 
.61 • 69 68 • .40 .41 
.65 .s6 69. .38 .35 
.65 .56 10. .38 .30 
.64 .82 71. .32 .65 
.64 o76 *12. .23 .15 
.64 .16 *13. .30 .03 
.64 .73 *74. Reversal 
.63 o6l *15. Reversal 
.63 o45 76. Rearranged 
*An examination of these discarded items shows that 
they concerned three different concepts. Therefore 
the fault most likely can be attributed to the word-
ing of the questions rather.· than lack of understand-
ing of any one concept. 
43 
formation was obtained is suggested by Garrett.!/ His sug-
gestion of using the upper and lower 27 per cent of the test 
scores in order to resort to the Pan~ table was taken. From 
this table it was possible to note the difficulty of the item 
as well as its discrimination and correlation level. Table 2 
shows the results of this item analysis. Since only four 
items from the preliminary test were excluded from the final 
test it was decided to construct this table according to the 
level of item difficulty as the items appear on the final 
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test. However, in order to complete the table those four items 
were included at the end. 
Of the seventy-five items in the test, two showed a re-
verse than expected result. That is, the lower group (lower 
27 per cent) chose the correct answer more times than did the 
upper group. Two items discriminated below the .20 acceptable 
level as established by Garrett.~ One item was ignored by 
prearrangement but was revised for final test. All alterna-
tive answers were sufficiently distractive from the correct 
answer to warrant inclusion in each item without change. The 
range of difficulty of the accepted items fell between .89 and 
!/Henry E. Garrett, Testinf for Teachers, American Book Com-
pany, New York, 1952, P• 2 6. 
2/Chung-Teh Pan, Item Analysis Table, Educational 1esting 
~ervice, Princeton, N. J., 1952. 
l/Qp• cit. 
y 
.32. Figures 1 and 2 respectively, show more graphically 
the distributions of items according to difficulty and dis-
crimination levels. 
Figure 1 illustrates that the items are fairly evenly 
distributed from fifty to seventy per cent of difficulty. 
There are about as many easy items (twelve per cent) as there 
are fairly hard items (fourteen per cent). As shown, the 
more difficult items are higher on the per cent of difficulty 
scale. 
~ 15 s 
~ 
~ 
~ 
~ 
0 
~ 
~ 10 ~ 
s 
= z 
5 
12% 24% 28% 22% 10% 
04% 
. 
90 80 70 60 so 40 30 
Per Cent of Difficulty 
Figure 1. Distribution of Accepted Items According to Level 
of Difficulty, Showing the Approximate Per Cent 
of Items in Each Category 
!/Indicates the per cent of correct responses of the total 
group (upper and lower 27 per cent) to an item. The higher 
the per cent, the easier the item. 
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Figure 2 presents a picture of the distribution of 
accepted test items according to their level of discrimina-
tion. This level is expressed in percentage along the base 
line. From this figure can be observed that fifty-four per 
cent of the items discriminated above the sixty per cent 
level. Thirty-eight per cent were between forty and sixty, 
and only eight per cent or six items, were below the forty 
per cent level of discrimination. 
23 
2 0 
5 
0 
16% 3~ 18% 20% 
5 
7% 
3% ~ 
100 90 80 70 60 50 40 30 
Per Cent of Discrimination 
25 
Figure 2. Distribution of Accepted Iteas According to Level 
of Discrimination, Showing the Approximate Per Cent 
of Items in Bach Category 
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Reliability of the test.-- The following table shows the 
coefficient of reliability obtained using tne Kuder-Richard-
son aethod of rational equivalence.!/ 
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Table 3o Coefficient of Reliability Using the Kuder-Richardson 
Method of Rational Equivalence Applied to the Test on 
the Behavior of Light 
Number of 
Pupils 
407 
rxx 
rxx 
rxx 
Nuaber of 
I teas 
72 
= (:.:r) 
= (~) 
= .942 
S.E.a Total 
Variance 
3.46 220.89 
2. (crt -f:pq 
tn2. ) 
(220.89-15.5574 ) 
220.89 
Sum of 
pq* 
15.5574 
* p = per cent of subjects who answered items correctly 
q = reciprocal of p 
!/Jaaes B. Wert, Charles o. Neidt and Ahmann, Statistical 
Methods in Educational and Psychological Research, Appleton-
Century-crofts, Inc., New York, 1934, P• 334. 
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The coefficient of reliability obtained was .942 which 
is above the minimal requirement as noted by Ross and Stanley.!/ 
The standard error of measurement (S.E.m) for this test is 
3.46. This means that the chances are about two in three that 
the obtained scores lie within 3.46 plus or minus of the true 
scores. As a check on the reliability of a test score, in con• 
sideration of the total test reliability, it may be said that 
a test is more reliable when the standard error is small than 
when it is large. The standard error for this test appears 
to be reasonably small and was obtained by using the formula 
~Vl - rxx as suggested by Wert, Neidt and Ahmann. ?:/ 
Based on the results of the item analysis, a refined or 
final form of the test was prepared and used to measure the 
results of the experimental procedure as noted in the following 
chapter. 
This chapter described the construction of the filmed 
introductions, and the development and analysis of the instru-
ment used in the evaluation of the treatments. Chapter IV 
details the plan of the experiment. 
Ycc• c. Ross and Julian 
Chools, Third Edition, 
N. J., 1954, P• 125. 
?:f!:.2c. cit. 
c. Stanley, Measurement in Today's 
Prentice-Hall, Inc., Englewood Cliffs, 
CHAPTER IV 
PLAN OF THE EXPER~T 
The purpose of this study was to test the effectiveness 
of filmed introductions to an educational sound motion picture 
on the subject of light. 
Selection of the population.-- In attempting to provide 
a population to participate in the experiment it was decided 
that this population should come from one school only and that 
the students should not have had previous formal instruction 
in the subject of light. 
The distribution of intelligence scores of the chosen 
population show the following measures as obtained from the 
results of the Kuhlmann-Anderson Test ~ given the year pre-
vious (sixth grade): 
Number of Students: 297 
Range of Scores: 79-151 
Mean Score: 114.65 
Standard Deviation: 13.0 
Data on reading ability was taken but subsequently elimi-
nated from this study when it was discovered that the seventh-
grade teachers placed no credence in the particular results of 
i/KUhlmann-ADderson Test F, Personnel Press, Inc., Princeton, 
lf. J., 1952. 
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the test given. 
Formulation of groups.-- Students were assigned to six 
groups of forty-eight each by use of the random numbers table y 
available in Walker and Lev. The total figure of 288 re-
sulted from a change in the nuaber of students with the re-
quired data (K-A I.Q.) available iamediately prior to the 
testing. A check on the mean score showed no more than .os 
of a point change. Actually, the population increased in the 
change but the numbers of those having Kuhlmann-Anderson in-
telligence scores decreased. A seventh group was formed in 
order that students, who in fact had no part in the experi-
ment, would not feel left out. 
The necessity of randomly assigning students to the vari-
ous treatments in the kind of experiment conducted is empha-
sized by Greeahill: 
·~at I have been trying to do is stress the im-
perative need for random assignment of students to ex-
perimental treatments in order that any bias affecting 
the experiment will have an equal opportunity of affect-
ing each method. One is then justified in using a test 
of significance to ascertain the level of confidence21 that one can have in the results of the experiment."~ 
After formation of the groups, it was confirmed that no 
1/Helen M. Walker and Joseph Lev, Elementary Statistical 
ii'ethods, Revised Edition, Henry Holt and Company, New York, 
1958, PP• 280-281. 
so 
2/L. P. Greenhill, ''New Directions for Co-unications Research," 
Audio-Visual Co!!unication Review (Pall, 1959), Volume 7, Num-
ber 4, P• 246. 
significant differences existed between the means based on 
the available intelligence measures. The groups were then 
randomly assigned to the treatments of the experiment. The 
design of the experiment appears as follows: 
Group Treatment 
6 No Treatment 
3 No Introduction • motion picture 
1 General Description • motion picture 
2 General Description • motion picture 
and Vocabulary 
4 General Description + motion picture 
and Directed Questions 
5 General Description 
Vocabulary • motion picture 
and Directed Questions 
Note: General Description (including a statement of 
purpose for showing the motion picture) is used 
as a combination constant because it is by far 
the most frequently used introductory technique. 
The application of the above design to this study was 
based on a suggestion made by Greenhill. !I In discussing new 
directions for communications research, he refers to the need 
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for an "additive" design involving several variables which by 
themselves seem to increase learning. The elements of the 
introductions in the present study have not been isolated (ex-
cept for that of directed questions which has had dubious sue-
!!§G. cit. 
cess) in previous experiments. Purther, except for the ele-
ment of directed questions none has been investigated as a 
filmed introduction. However, the design was adaptable to 
this study in that it was able to differentiate aaong the 
various treatments in the same way. Greenhill explains the 
use of this design by saying: 
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"In such an additive design the preceding treatment 
would serve as a control for each succeeding one, and the 
original control group would serve as a base line for 
comparison of the accuaulating patterns of variables."!/ 
Explanation of the experiment.-- The experiment was con-
ducted within a two-hour period· Classes were so arranged that 
each group was able to participate in a treatment and take the 
test in this time. Inter-group contamination was controlled 
before and after the groups saw the films. Each projection 
room was on a different floor. Groups which had yet to see 
the film were kept in their rooms until those which had seen 
the film returned. The projection schedule was so ordered that 
students who may have passed coming from separate showings 
would not have had time to exchange information. In addition 
supervision by a classroom teacher in each of 11 classrooms 
prevented contamination during the testing period. The group 
which had no treatment simply took the test. In effect this 
group was set up in lieu of providing a pre-test. It was 
reasoned that since this experiment involved introduction and 
1JLoc. cit. 
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since a pre-test might in itself be leading enough to be con-
sidered a form of introduction to the material in the body of 
the film, then the pre-test should be avoided. This group 
provided the measure of knowledge by which all other groups 
would be compared. The group that saw the film only, without 
any introductions, was the control group as far as the main 
purpose of this study was concerned. Any difference in learn-
ing from that resulting from showing the film only, could be 
ascribed to the effect of the introductions. 
Each filmed introduction as noted in the experimental de-
sign was spliced onto one of the five prints of Learning About 
Light, provided for the experiment. Each of these prints was 
intact and in good condition. Where identical introductions 
were used with different prints, care was taken that they were 
identical, being made from the same originals. 
Classroom conditions for projecting the motion pictures 
were comparable and adequate. Both rooms used for this pur-
pose were large classrooms with dark shades and were supplied 
with projection screens. The acoustics were good and the 
sound clear. 
The results of the test taken as part of this experiment 
and of a subsequent retention test are provided in the next 
chapter dealing with analysis of the data. 
CHAPTl!R v 
ANALYSIS OP DATA 
The results from the test of concepts about light behavior 
are reported and analyzed according to treatment, in this chap-
ter. The first part considers the results of the test as given 
immediately following the experimental treatments. It will be 
headed, iaaediate recall. After four weeks had elapsed the 
saae test was re-adainistered. The results of this re-test 
were analyzed according to the differences between the scores 
of each test and will be reported in the second part under the 
heading, delayed recall. 
The results of both tests were analyzed by whole groups, 
by sex and by intelligence for each experimental treatment. 
Whole groups were those formed by random assignment from the 
total population (less absences). Each sex was considered 
separately as were those students above and below the popula-
tion aean I.Q. (114.6) in order to note the interaction of 
these classifications with the experimental treatments. 
The analysis of these tests took these two main forms: 
1. Analysis of variance technique as put forth by Wert, 
. 1/ f Ne1dt and Ahaan~ was applied to test or significant 
differences aaong the six experimental treatment 
• !fOP• cit., PP• 172-177. 
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groups. This was done first for whole groups, then 
by sex and by intelligence according to the following 
formula: 
Total SS 
Between SS = 
-
~)2 
N 
(£Xl)2 + (LX2)2 +---+ 
Within SS = Total SS - Between SS 
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When the between SS (su. of squares) and the within SS 
were divided by their corresponding degrees of freedom 
and the resulting MS (mean square) of between groups 
was divided by the MS of within groups an F value was 
obtained. By referring to an F table for the degrees 
of freedom as noted above, it was established whether 
significance existed among the various treatment groups 
at the one or five per cent level of confidence. 
2. In those instances (all but one) when the F value re-
vealed that a significant difference/a existed between 
one or more pairs of means, it was necessary to apply 
a test which would specify where the difference/a 
v 
existed. Duncan's test provides the following method 
for this purpose: 
A. Estimate the standard error of the mean by 
~= M~ 
Ng (Average number of cases in each group) 
1/David B. DUncan, '~ultiple Range and Multiple F Tests," Bio-
metrics, (March, 1955), Volume 11, Number 1, PP• 1-42. ----
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B. Multiply S. by the factor fro• Duncan's table repre-
senting the spread of •eans to be compared, after 
the •eans are placed in rank order. The resulting 
figure is the least significant difference. 
c. Obtain the difference between the means to be com-
pared. This difference is significant if it attains 
or exceeds the figure obtained as representing the 
least significant difference. 
1. Results of Test of Immediate Recall 
Relevant data obtained fro• this test are reported in tabu-
lar form with the significance of the results noted in each in-
stance. In all eases the results were obtained from scores 
achieved on the test of concepts about the behavior of light, 
as noted in Chapter III. Summary test data are shown in the 
table just prior to each analysis of variance table for the 
same grouping. 
Table 4• Results of Test of Concepts about the Behavior of 
Light by Whole Groups According to Treatment--
Arranged in Rank Order of Means 
Treatment 
No Treatment 
(test only) 
Pil• Only 
Number 
of 
Students 
45 
45 
Mean 
35.02 
42.00 
(Concluded on next page) 
Standard 
Deviation 
15.02 
Table 4. (Concluded) 
' ' Number 
Treatment of Mean Standard 
Students Deviation 
Description + 
Questions + 
Film 46 44.00 14.67 
Description + 
Vocabulary + 
Questions + 
Fila 47 44.23 12.18 
Description + 
Vocabulary + 
Fila 43 44.93 12.22 
Description + 
Film 45 46.04 13.58 
Table 4 presents the summary data resulting from the test 
of concepts about the behavior of light. As would be expected 
the no-treatment group obtained the lowest mean score and 
smallest standard deviation. The next lowest mean score was 
obtained by the fila-only group. This, too, would be expected 
if the introductions were to make the motion picture more ef-
fective. The group with the highest mean was the one which 
saw the shortest filmed introduction. This, of course, con-
tradicts the "additive" effect expected from the experimental 
treatments. 
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Table 5. Analysis of Variance Among Whole Groups 
Source SUIII 
of df of Mean Square P Value 
Variation Squares 
Between 5 3580 716.00 
4.124 
Within 265 46005 173.60 
Total 270 49585 
Analysis of variance showed a statistical difference at 
the 1 per cent level of confidence. The F value for 5 and 265 
degrees of freedom at this level is 3.11 which is less than 
the obtained P value. This indicated that one or more of the 
differences aaong pairs of means were significant. In order 
to determine where the difference/a existed the test of mul-
tiple comparisons was applied. The results of these compari-
sons are shown in Table 6. 
Table 6. Results for Whole Groups of Duncan's Test of Mul-
tiple Comparisoas--No-Treatment Group Versus Pilm 
Groups 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (~ Level of 
ence ference Confidence) 
No Treatment 6.98 5.43 Significant 
Versus 
Piim ODly 
No Treatment 8.98 s.n Significant 
Versus 
Description + 
Questions + 
Pilm 
No Treatment 9.21 So9l Significant 
Versus 
Descr1ption + 
Vocabulary + 
Questions + Pilm 
No Treatment 9.91 6.05 Significant 
Versus 
Description + Vo-
cabulary + Pilm 
No Treatment 11.02 6.17 Significant 
Versus 
Description + Pilm 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
Table 6 indicates that when whole groups were compared 
all film groups obtained mean scores significantly different 
from the mean score obtained by the no-treatment group. The 
film-only group showed the smallest mean difference from the 
no-treatment group but the difference was significant. Appar-
ently the film taught a significant amount of conceptual in-
formation without the need of an introduction. 
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Table 7. Results of Duncan's Test of Multiple Comparisons by 
Whole Groups--Film-Only Group Versus Groups with 
Filmed Introductions 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- ·cant Dif- ence (5~ Level of 
ence ference Confidence) 
Film Only 2.00 5.43 Not Significant 
Versus 
Descr1ption + 
Questions + Film 
Film Only 2.23 5.72 Not Significant 
Versus 
Description + 
Vocabulary + Ques-
tions + Film 
Film Only 2.93 5.91 Not Significant 
Versus 
Descr1ption + 
Vocabulary + Film 
Film Only 4.04 6.05 Not Significant 
Versus 
Descr1ption + Film 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
Table 7 indicates that when whole groups were compared 
the mean score of the film-only group was not significantly 
different from the mean scores of each group which saw the 
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film preceded by a filmed introduction. It must be stated, 
therefore, that the filmed introductions did not aid the motion 
picture, Learning About Light to teach significantly more 
about the behavior of light, for whole groups. 
Table 8. Results of Duncan's Test of Multiple Comparison by 
Whole Groups--Between All Pairs of Filmed-Introduc-
tion-Groups 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cantDif- ence (5~ Level of 
ence ference Confidence) 
Description + Ques- .23 5.43 Not Significant 
tiona + Film 
Versus 
Descr1ption + Vo-
cabulary + Questions 
+ Film 
Description + Ques- .9J 5.72 Not Significant 
tiona + Fila 
Versus 
Descr1ption + Vo-
cabulary + Film 
Description + Ques- 2.04 5.91 Not Significant 
tions + Film 
Versus 
Descr1ption + Film 
Description + Vo- .70 5.43 Not Significant 
cabulary + Questions 
+ Film 
Versus 
Descr1ption + 
Vocabulary + Film 
Description + Vo- 1.81 5.91 Not Significant 
cabulary + Questions 
+ Film 
Versus 
Descr1ption + Film 
Description + loll 5o43 Not Significant 
Vocabulary + Film 
Versus 
Descr1ption + Film 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
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Table 8 shows that the filmed introductions were not sig-
nificantly different from one another according to the means 
obtained for whole groups. This table is presented more as an 
illustration of the comparisons of the differences, since the 
results offered could be inferred from the previous table• It 
is indicated, then, that none of the filmed introductions was 
any different than another in its effect on the results of 
whole groups in this experiment. 
When all comparisons were made by whole groups it was 
found that: 
1. All the film treatments (including film only), pro-
duced learning in significant amounts as measured from 
the base line represented by the no-treatment group. 
2. None of the filmed introductions produced learning 
significantly greater than that produced by showing 
the motion picture Learning About Light by itself· 
3. None of the filmed introductions were significantly 
different from one another. 
The next set of tables will consider the interaction of 
boys with the treatment variables. 
Table 9. Results of Test of Concepts about the Behavior 63 
of Light by Boys According to Treatment--
Arranged in Rank Order of Means 
NUIIber 
Treatment of Mean Standard 
Students Deviation 
No Treatment 24 35.37 5.94 (test only) 
Description + 25 42.64 15.31 
Questions + Pilm 
Pilm Only 25 42.72 14.71 
Description + 25 44.36 12.87 
Vocabulary + Ques-
tiona + Pilm 
Description + 23 46.34 12.33 
Vocabulary + Pilm 
Description + Pilm 24 47.83 14.11 
Table 9 shows that for boys the no-treatment group again 
had the lowest mean with the smallest standard deviation. 
This mean was approximately the same as for whole groups. The 
standard deviation, however, was almost four points smaller, 
indicating that the scores were more narrowly defined around 
the mean than was the case for whole groups. It is shown 
that unexpectedly one of the filmed-introduction groups had 
the next to the lowest mean rather than the film-only group. 
Oddly enough, the group with the smallest filmed introduction, 
i.e. description + film, had the highest mean score. All of 
the standard deviations, excepting that for the no-treatment 
group, appear to be fairly hoaegeneous. 
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Table 10. Analysis of Variance Among Groups by Boys 
Source Sum 
of df of Mean Square P Value 
Variation Squares 
Between 5 2257 451.40 
2.45 
Within 140 25774 184.10 
Total 145 28031 
The analysis of variance for boys showed a significant 
difference at the 5 per cent level of confidence. The P value 
for 5 and 140 degrees of freedom ia 2.27 which is less than 
the obtained P value. This indicated that one or more of the 
differences among pairs of means were significant. Appar-
ently, thea, there was an interaction between boys and one or 
more of the treatments in this experiment. Table 11 specifies 
where the differences existed. 
Table 11. Results of Duncan's Test of Multiple CO.p&fisons by 65 
Boys--No-Treataeat Group Versus Pilm Group 
Least *Significant or Noa-
Mean Signifi- significant Differ-
Treatllleats Differ- cant Dif- ence (5'%. Level of 
ence ference Confidence) 
No Treataent 7.27 7.58 Not Significant 
Versus 
Description + 
Questions + Film 
No Treatment 7.35 8.oo Not Significant 
Versus 
Film only 
No Treatlllent 8.99 8.27 Significant 
Versus 
Descr1ption + Vo-
cabulary + Questions 
+ Film 
No Treatment 10.97 8.46 Significant 
Versus 
Description + Vo-
cabulary + Film 
No Treataent 12.46 8.63 Significant 
Versus 
Description + Film 
. 
*To be significant the mean d1ffereace must attain or exceed 
the least significant difference. 
Table 11 shows that for boys. two of the film groups are 
not significantly different from the no-treatment group at the 
5 per cent level of confidence. The smallness of the differ-
ences does show that a certain amount of learning appears to 
have taken place. but a positive claia that learning occured 
cannot be made within the statistical limitations stated for 
this study. 
Boys in three of the groups who saw the film preceded by 
a filmed introduction. did learn significantly. concepts about 
the behavior of light. In other words without these filmed 
introductions there was not significant learning; with them 
significant learning did occur. 66 
Table 12. Results of Duncan's Test of Multiple Comparisons by 
Boys--Between the Group Which Saw the Pilm Preceded 
by Description + Que.tions + Pilm and the Other Film 
Groups 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treataents Differ- cant Dif- ence (~ Level of 
ence ference Confidence) 
Description + 
tiona + Film 
Ques- .os 7.58 Not Significant 
Versus 
Piilil Only 
Description + Ques- 1.72 s.oo Not Significant 
tiona + Pila 
Versus 
Description + Vo-
cabulary + 
Questions + Pilm 
Description + Ques- 3.70 8.27 Not Significant 
tiona + Film 
Versus 
Descr1ption + Vo-
cabulary + Pila 
Description + Ques- 5.19 8.46 Not Significant 
tiona + Pila 
Versus 
6escription + Pilm 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
Table 12 reveals that the group whose mean was nearest 
to that of the no-treataent group did not differ significantly 
from each of the other groups. There appeared to be no dif-
ference between groups who saw the fila regardless of what the 
introduction was or whether there was one at all. 
Table 13. Results of Duncan's Teat of Multiple Comparisons by 
Boys--Between the Group Which Saw the Film Only and 
the Filmed-Introduction Groups with Greater Means 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cantDif- ence (5% Level of 
ence ference Confidence) 
Fila Only 1.64 7.58 Not Significant 
Versus 
Description + 
Vocabulary + Quea-
tiona + Film 
Fila Only 3.62 8.00 Not Significant 
Versus 
Description + 
Vocabulary + Film 
Film Only s.u 8.27 Not Significant 
Versus 
Descr1ption + Fila 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
Table 13 shows more specifically that the filmed intro-
ductions, when used with the fila, did not produce signifi-
cantly more learning than did the fila when used by itself. 
67 
Table 14. Results of Duncan's Test of Multiple Comparisons for 
Boys--Between Pairs of Filmed-Introduction Groups 
(Except the Description + Question Group) 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5% Level of 
ence ference Confidence) 
Description + Vo- 1.98 7.58 Not Significant 
cabulary + Questions 
+ Film 
Versus 
Description + Vo-
cabulary + Film 
Description + Vo- 3.47 8.00 Not Significant 
cabulary + Questions 
+ Film 
Versus 
Descr1ption + Film 
Description + Vo- 1.49 7.58 Not Significant 
cabulary + Film 
Versus 
Descr1ption + Film 
. . 
*To be significant the mean d1fference must atta1n or exceed 
the least significant difference. 
Table 14 shows that groups which saw the film with dif-
ferent introductions did not score significantly different from 
one another. 
After all comparisons were made by boys, it was found that: 
1. Two of the film treatments (film only and description 
+ questions + film) did not produce a significant amount 
of learning as measured from the no-treatment group. 
2. The other three filmed introductions did produce sig-
nificant learning. 
3. However, none of the film groups was significantly 
different from one another. 
The next set of tables will consider the interaction of 
girls with the treatment variables. 
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Table l5o Results of Test of Concepts about the Behavior of 
Light According to Treatment--Arranged in Rank 
Order of Means 
Nuaber 
Treatment of Mean Standard 
Students Deviatio n 
No Treatment 21 34.61 10.31 (test only) 
Film Only 20 41.10 15.34 
Description + 20 43.30 11.92 
Vocabulary + Fila 
Description + Film 21 44.00 12.66 
Description + 22 44.09 11.10 
Vocabulary + Ques-
tiona + Film 
Description + 21 45.61 13.72 
Questions + Film 
Table 15 shows that the nuaber of girls in each group 
averaged three less than the average number of boys in each 
group. The mean score for girls in the no-treatment group 
was again lowest, as would be expected. The standard devia-
tion was larger than either that for boys or for whole groups, 
indicating a greater variance in the distribution of scores. 
The fila-only group had the lowest mean of the groups which 
saw the fila and had a mean difference from the no-treatment 
group similar to that which occured for whole groups. The 
highest mean score was obtained by the group which saw the 
description + questions + fila. 
69 
Table 16. Analysis of Variance Among Groups by Girls 
Source SUII 
of df of Mean Square F Value 
Variation Squares 
Between 5 1646 329.20 
1.97 
Within 119 19833 166.66 
Total 124 21479 
Analysis of variance showed a non-significant difference 
at the 5 per cent level of confidence. The F value for 5 and 
119 degrees of freedom is 2.30 which is greater than the ob-
tained F value. This result precludes further analysis on 
this classification. Girls, then, as a separate class, did 
not significantly influence the results of this experiment. 
There was no apparent interaction between girls and the vari-
ous treatments in this experiment. 
Since the mean score difference between the no-treatment 
group and the highest ranked filmed-introduction group was 
fairly large (11.00) the lack of significance can probably be 
attributed to the function of the comparatively large vari-
ance which existed in the no-treatment group. 
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Table 17. Results of Test of Concepts about the Behavior of 
Light by Low I.Q.•s According to Treatment 
Number 
Treatment of Mean Standard 
Students Deviation 
No Treatment 24 30.91 8.36 
(teat only) 
Description + Que a- 23 33.47 11.58 
tions + Film 
Film Only 21 35.42 14.28 
Description + 18 36.83 12.05 
Film 
Description + Vo- 24 40.37 10.04 
cabulary + Film 
Description + Vo- 24 41.70 10.59 
cabulary + Questions 
+Film 
Table 17 shows that, as with girls and boys, the intelli-
gence classes averaged about half the number of cases present 
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in the whole groups. Again the lowest mean was produced by the 
no-treatment group. Its standard deviation was also smaller 
than that of the other groups but with a difference of only 
1.41 from the no-treatment standard deviation for whole groups. 
As with the boys, the treatment of description +questions + 
film produced a smaller mean score than the film-only treatment. 
For students below the population mean I.Q. the highest mean 
score was obtained by the group which saw the film preceded by 
all three introductory elements. 
Table 18. Analysis of Variance Among Groups by Low r.Q.'s 
... 
~'r Source of df Mean Square F Value 
Variation Squares 
Between 5 1994 398.80 
3.03 
Within 128 16794 131.20 
Total 133 18788 
Analysis of variance showed a significant difference at 
the 5 per cent level of confidence. The F value for 5 and 128 
degrees of freedom at this level is 2.29 which is less than 
the obtained P value. This indicated that differences existed 
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between two or more groups. Apparently, then, there was an 
interaction between students in this category and one or more 
of the experimental treatments. Table 19 specifies which pairs 
differed significantly. 
Table 19. Results of Duncan's Test of Multiple Comparisons by 
Low.I.Q.'s--No-Treat.eat Group Versus Pilm Groups 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5% Level of 
ence ference Confidence) 
No Treatment 2.S6 6.70 Not Significant 
Versus 
Description + Ques-
tions + Pilm 
No Treatment 4.51 7.06 Not Significant 
Versus 
Pilm Only 
No Treatment s.92 7.30 Not Significant 
Versus 
Descr1ption + Pilm 
No Treatment 9.46 7.47 Significant 
Versus 
Descr1ption + Vo-
cabulary + Pilm 
No Treatment 10.79 7.62 Significant 
Versus 
Description + Vo-
cabulary + Ques-
tions + Pilm 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
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Table 19 shows that, for those below the population mean 
I.Q., three of the film groups are not significantly different 
from the no-treatment group. However, two of the film groups 
are significantly different from the no-treatment group. Appar-
ently, without these particular filmed introductions the film, 
Learning About Ligbt would not have taught significantly the 
pertinent concepts about the behavior of light to students in 
these groups. 
Table 20. Results of Duncan's Test of Multiple Comparisons by 
Low I.Q.'s--Between the Group Which Saw the Film 
Preceded by Description + Questions + Film and the 
Other Film Groups 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5% Level of 
ence ference Confidence) 
Description + Ques- 1.95 6.70 Not Significant 
tions + Film ' 
Versus 
Film Only 
Description + Ques- 3.36 7.06 Not Significant 
tions + Film 
Versus 
Descr1ption + Film 
Description + Ques- 6.90 7.30 Not Significant 
tions + Film 
Versus 
Descr1ption + Vo-
cabulary + Film 
Description + Ques- 8.23 7o47 Significant 
tions + Film 
Versus 
Description + Vo-
cabulary + Ques-
tiona + Film 
* To be significant, the mean difference must attain or exceed 
the least significant difference. 
Table 20 shows that one of the film groups differs from 
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one of the others, significantly. The filmed-introduction group 
which had a lower mean score than the film-only group differs 
significantly from the group which had the three introductory 
elements preceding the film. This does not appear to be much 
of an advantage, however, since it was expected that all of 
the filmed introductions would improve the film. Therefore a 
coaparison with a treatment that made the film appear to be 
less effective does not warrant any positive conclusion. 
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Table 21. Results of Duncan's Test of Multiple Comparisons by 
Low I.Q.•s--Film-Only Group Versus Filmed-Introduc-
tion Groups with Greater Mean Scores 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5~ Level of 
ence ference Confidence) 
Film Only lo41 6.70 Not Significant 
Versu 
Description + Film 
Film Only 4.95 7.06 Not Significant 
Versus 
Description + 
Vocabulary + Film 
Fila Only 6.28 7.30 Not Significant 
Versus 
Description + Vo-
cabulary + 
Questions + Fila 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
Table 21 shoWs that no significant differences exist be-
tween the group that saw the film only and the filmed-introduc-
tion groups with greater mean scores. It should be noted again 
that one of the filmed-introduction groups had a lesser mean 
score. Apparently, then, none of the filmed introductions aided 
the class of students below the population mean I.Q. to learn 
significantly more from the film, Learning About Light than was 
learned by showing the film only. 
Table 22. Results of Duncan's Test of Multiple Comparisons by 
Low I.Q.' a--Between Jlilaed-Introduction Groups (Ex-
cept Description + Questions + Jlilm) 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cantDif- ence ( ~ Level of 
ence ference Confidence) 
Description + Jlila 3.54 6.70 Not Significant 
Versus 
I Description + Yo-
cabulary + Jlila I 
Description + Jlila 4.87 7.06 Not Significant 
Versus 
Deacr1ption + Yo-
cabulary + Ques-
tions + Jlila 
Description + Yo- 1.33 6.70 Not Significant 
cabulary + Ques-
tiona + Jlilm 
Versus 
Description + Yo-
cabulary + Jlilm 
*To be significant the aean difference aust attain or exceed 
the least significant difference. 
76 
Table 22 shows that none of the filmed-introduction groups 
is significantly different froa another, except as previously 
noted• It is concluded froa this table, therefore, that there 
does not appear to be an advantage statistically, to using one 
introduction in favor of another. However, it is well to re-
member that from previous analysis two introductions as speci-
fied apparently aided the film to teach significantly the con-
cepts about light behavior; the others did not. 
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After all caparisons were aade by low I.Q. 's (those stu-
dents who were below the population mean I.Q.) it was found 
that: 
l• Three of the fila treatments (film only and two filmed-
introduction groups) did not produce a significant 
amount of learning as measured from the no-treatment 
group. 
2· The other two filmed introductions did aid the film 
to produce significant results. 
3. Only two of the filmed-introduction groups were sig-
nificantly different from one another. One of these 
was below the film-only group and therefore this find-
ing is not very informative. 
The next set of tables will consider the interaction of 
high I.Q.'s with the treatment variables. 
Table 23. Results of Test of Concepts about the Behavior of 
Light by High I.q.•s According to Treatment--
Arranged in Rank Order of Means 
Nuaber 
Treatment of Mean Standard 
Students Deviation 
No Treatment 21 39.71 9.17 (test only) 
Description + Vo- 23 46.86 12.92 
cabulary + 
Questions + Pilm 
Pilm only 24 47.75 13.17 
(Concluded on next page) 
Table 23. (Concluded) 78 
Nuaber 
Treatment of Mean Standard 
Students Deviation 
Description + Vo- 19 50.68 12.30 
cabulary + Film 
Description + Film 27 52.18 10.80 
Description + 23 54.52 8.70 
Questions + Film 
I 
Table 23 shows that the lowest mean score of all the groups 
was obtained by the no-treatment group, as expected. This group 
also had a standard deviation comparable to that produced by 
the whole no-treatment group, although, as expected its mean was 
somewhat (over four points) higher. As with the lower I.Q. stu-
dents and with boys, the next lowest mean was obtained by one 
of the filmed-introduction groups. The treatment for this group 
included all of the introduction components. The treatment 
which produced the highest group mean score consisted of descrip-
tion + questions + fila. In other words, the only difference 
between the treatments associated with the lowest and highest 
mean scores of film groups was vocabulary. The group with the 
highest aean score was also characterized by the smallest 
standard deviation of all groups including the no-treatment 
group, indicating that though the scores were high the variance 
of these scores from the mean was rather narrowly defined. The 
closeness of the standard deviation of this highest group to 
that of the no-treatment groups in all classes is an expected 
result. It indicates a homogeneity of knowledge. For the 
high I.Q. students the amount of knowledge is illustrated by 
the high mean score; in the case of no treatment the amount 
is shown by the low mean score. 
Table 24. Analysis of Variance Among All Groups by 
High I.Q.'s 
Source Sum 
of df of Mean Square P Value 
Variation Squares 
Between 5 2972 594.40 
4.43 
Within 131 17571 134.12 
Total 136 20543 
Analysis of variance shows a significant difference at 
the 5 per cent level of confidence. The P value for 5 and 
131 degrees of freedom at this level is 2.29. It is demon-
strated, therefore, that there was an interaction between the 
higher I.Q. students and one or more of the experimental 
treatments. Table 25 will specify which pairs of means con-
tributed to this significance. 
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Table 25. Results of Duncan's Test of Multiple Comparisons by 
High I.Q.'s--No-Treatment Group Versus Film Groups 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5% Level of 
ence ference Confidence) 
No Treatment 7ol5 6o70 Significant 
Versus 
Description + Yo-
cabulary + 
Questions + Film 
No Treatment 8.04 7.06 Significant 
Versus 
Film Only 
No Treatment 10.97 7.30 Significant 
Versus 
Descr1ption + Yo-
cabulary + Film 
No Treatment 12.47 7.47 Significant 
Versus 
Description + Film 
No Treatment 14.81 7.62 Significant 
Versus 
Descr1ption + 
Questions + Pilm 
*To be significant the mean difference must attain or exceed 
the least significant difference• 
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Table 25 establishes that a significant difference 
occured between the means of the no-treatment group and each 
of the film groups when measured by the scores of the higher 
I.Q. students. In other words for the higher I.Q. students, 
all of the film treatments, including the film-only treatment, 
produced a significant amount of learning. 
Table 26. Results of Duncan's Test of Multiple Comparisons by 
High I.Q.'s--Description +Vocabulary+ Film Group 
Versus Other Film Groups 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5% Level of 
ence 
\ 
ference Confidence) 
Description + Vo- .89 I 6.70 Not Significant 
cabulary + I , 
Questions + Film 
I Versus Film Only 
Description + Vo- 3.82 7.06 Not Significant 
cabulary + 
Questions + Film 
Versus 
Descr1ption + Vo-
cabulary + Film 
Description + Vo- 5.32 7.30 Not Significant 
cabulary + Film 
Versus 
Descr1ption + Film 
Description + Vo- 7.66 7.47 Significant 
cabulary + 
Questions + Film 
Versus 
Descr1ption + 
Questions + Film 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
Table 26 demonstrates that for high I.Q. students, the 
group which viewed the motion picture, Learning About Light 
preceded by the filmed introduction of description + questions 
+ film, learned significantly more than did the group which 
saw the motion picture with the complete filmed introduction. 
However, since this latter group obtained a lower mean score 
than the film-only group (which was the functional control 
group in this experiment), no advantage is indicated by this 
finding. 
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Table 27. Results of Duncan's Test of Multiple Comparison by 
High I.Q.'s--Pila Only Versus Pilaed-Introduction 
Groups with Greater Mean Scores 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5% Level of 
ence ference Confidence) 
Fila Only 2.93 6.70 Not Significant 
Versus 
Description + Vo-
cabulary + Pila 
Pilm Only 4.43 7.06 Not Significant 
Versus 
Description + Pilm 
Pila Only 6.77 7.30 Not Significant 
Versus 
Description + 
Questions + Pila 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
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Table 27 shows that there is no significant difference 
between the film-only group and each of those filmed-introduc-
tion groups with a greater mean score. The last phrase is 
used because one of the filmed introduction-groups obtained a 
lesser mean score than did the fila-only group. Apparently, 
then, the fila, Learning About Light was as good a teaching 
device when used by itself as when the filmed introductions 
preceded it, for high I.q. students. 
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Table 28. Results of Duncan's Teat of Multiple Comparisons by 
High I.q.•s--Between Filmed-Introduction Groups (Ex-
cept Description + Vocabulary + Questions + Pilm) 
Least *Significant or Non-
Mean Signifi- significant Differ-
Treatments Differ- cant Dif- ence (5% Level of 
ence ference Confidence) 
Description + Vo- 1.so 6.70 Not Significant 
cabulary 
Versus 
Description + Pilm 
Description + Vo- 3.84 7.30 Not Significant 
cabulary + Pilm 
Versus 
Description + 
I Questions + Pilm 
Description + Pilm 2.34 6.70 Not Significant 
Versus 
Descr1ption + 
I 
Questions + Pilm 
*To be significant the mean difference must attain or exceed 
the least significant difference. 
As implied from the previous table there were no signifi-
cant differences shown between the filmed-introduction treat-
menta listed in Table 28. None of these treatments, therefore, 
was significantly different from another as a teaching medium. 
After all comparisons·were made by high I.Q.'s (those stu-
dents who were above the population mean I.Q.) it was found 
that: 
1. All the film treatments (including film only) produced 
a significant amount of learning as measured from the 
no-treatment group. 
2· The film-only treatment was not significantly differ-
ent from any of the filmed-introduction groups. 
3· Two of the filmed-introduction groups were signifi-
cantly different from one another. However, one of 
these was below the film-only group and therefore this 
finding is not very informative to the problem. 
The presentation and analysis of the data resulting from 
the test of immediate recall have been covered in the first 
part of this chapter. The next part will present the growth 
or loss of learning as noted by the results of a test of de-
layed recall administered four weeks after the experiment. 
2. Results of Test of Delayed Recall 
This part of Chapter Vis concerned with analyzing data 
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in order to discover which, if any, of the filmed introductions 
were more effective in aiding seventh-grade students to retain 
the pertinent concepts about the behavior of light. 
The same instrument which measured the results of the ex-
periment was administered after four weeks had elapsed from 
the time of the test of immediate recall. After noting the 
difference between scores of each student on both tests, these 
difference scores were submitted to an analysis of variance 
among the six treatment (including no-treatment) groups. 
Any difference between what the no-treatment group knew 
at the beginning of the experiment and what they knew four 
weeks later should be small since this knowledge was not re-
cently acquired. Whatever difference exists could probably 
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be ascribed to other than experimental factors. (One of these 
could be that the re-test was taken under pre-storm atmos-
pheric conditions.) These other factors probably would be com-
mon to all groups and therefore not affect comparability. In 
other words the no-treatment group is the group by which we 
measure retention. The loss or gain of conceptual knowledge 
by other groups can be measured by reference to the mean of the 
difference scores obtained by the no-treatment group. Purther, 
any group significantly different from the no-treatment group 
could be said to have gained or lost knowledge to a large ex-
. tent between tests. Any group ~ significantly different from 
the no-treatment group can be said to have retained knowledge 
at approximately the same rate as the no-treatment group. It 
can be claimed for groups in this category that they retained 
a very large amount of the knowledge acquired as a result of 
their experimental treatment. 
The following tables show the summary data of the differ-
ence scores for each treatment group and the results of the 
analysis of variance among all groups, by whole groups, by sex 
and by intelligence: 
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Table 29. Summary Data of Whole Groups' Difference Scores, 
Between Test and Re-test--According to Rank Order 
of Mean 
N1111ber 
Treatment of Mean Standard 
Students Deviation 
Description + 40 -1.02 6.04 Questions + Pilm 
No Treatment 43 -1.32 8.38 
Pilm Only 39 -1.33 8.14 
Description + 37 -2.83 7.93 
Vocabulary + Ques-
tions + Pilm 
Description + 43 -3.00 5.49 
Pilm 
Description + 40 -3.75 7.32 
Vocabulary + Film 
Table 29 shows tbat the means of the difference scores 
were fairly small. All of the treatment groups (including the 
no-treatment group) failed to retain completely the information 
which they had known immediately following the experiment. The 
filmed-introduction treatment of description + questions + 
film produced the greatest retention (smallest mean). The film-
only group lost less than did three of the filmed-introduction 
groups, although again the losses were not large. The standard 
deviations of all the groups were within a range of 2.65. This 
is indicative of fairly homogeneous distributions of difference 
scores among the groups as measured from the various means. 
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Table 30. Analysis of Variance for Difference Scores Among 
Treatments by Whole Groups 
Source s-
of df of Mean Square P Value 
Variation Squares 
Between s 256.04 51.20 
.88 
Within 236 13727.63 58.16 
Total 241 13983.67 
The P value for S and 236 degrees of freedom at the S 
per cent level of confidence is 2.26 which is greater than the 
obtained P value shown in this table. Therefore it is shown 
that no significant differences were observed among all six 
treatment groups. This means that no group retained or lost 
significantly more than another between tests. Since no 
other group lost significantly more than the no-treatment 
group it appears that all film groups produced a high rate 
of retention. 
Table 31. Summary Data of Boys' Difference Scores, Between 
Test and Re-test--According to Rank Order of 
Mean 
NU!Ilber 
Treatment of Mean Standard 
Students Deviation 
Description + 23 o04 6o22 
Questions + Film 
Film Only 21 -1.47 8.68 
Description + 19 -2.21 7ol9 
Vocabulary + Ques-
tiona + Film 
No Treatment 23 -3.39 7.81 
Description + 22 -4.09 6.06 
Vocabulary + Film 
Description + 23 -5.86 6.96 
Film 
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Table 31 shows that for boys the treatment of description 
+ questions + film produced a gain of knowledge between tests. 
The film-only group showed a smaller loss than three groups 
which had filmed introductions. The no-treatment group for 
boys lost more information than did this same group when con-
sidered by wholes. The mean of the difference scores for this 
group, however, was still rather small. The standard devia-
tions as provided in this table indicate a similarity of dis-
persions of difference scores from the means of all treatment 
groups. 
Table 32. Analysis of Variance for Difference Scores Among 
Treatment Groups by Boys 
Source Sua 
of df of Mean Square P Value 
Variation Squares 
Between s 490.26 98.05 
1.81 
Within 125 6787.27 54.29 
Total 130 7277.53 
The P value for 5 and 125 degrees of freedom at the S 
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per cent level of confidence is 2.29 which is greater than the 
obtained P value shown in this table. Therefore it is shown 
that no significant differences were observed among all six 
treatment groups. This means that no group retained or lost 
significantly more than another, between tests. Since the no-
treatment group was one of the groups considered and since this 
group apparently had a high retention rate, as previously in-
dicated, then it follows that all film groups by boys, had a 
high retention rate. 
Table 33. Summary Data of Girls' Difference Scores, Be-
tween Test and Re-test--According to Rank Order 
of Mean 
Number 
Treatment of Mean Stand~rd Students Deviat1o n 
i 
I 
Description + 20 i .30 7.70 
Pilm I 
No Treatment 20 -1.05 8.43 
Pilm Only 18 -1.16 7.50 
Description + 17 -2.47 5.45 
Questions + Pilm 
Description + 18 -3.33 6.63 
Vocabulary + Pilm 
Description + 18 -3.50 8.61 
Vocabulary + Ques-
tiona + Pilm 
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Table 33 shows that girls in the description + film group 
gained in information over the four-week period between tests. 
The no-treatment group again showed a small loss of conceptual 
information about the behavior of light. The standard devia-
tions were such that the difference scores of all groups were 
similarly dispersed from the various means. When analyzed by 
girls the film-only group showed a relatively small loss of 
information compared to most of the filmed-introduction groups. 
The data obtained by girls were consistent with that obtained 
by boys and by whole groups. 
Table 34. Analysis of Variance for Difference Scores Among 
Treatment Groups by Girls 
Source Sua 
of df of Mean Square F Value 
Variation Squares 
Between 5 74.59 14.91 
o25 
Within 105 6238.39 59.41 
Total 110 6312.98 
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The P value for 5 and 105 degrees of freedom at the 5 per 
cent level of confidence is 2.30 which is greater than the ob-
tained F value shown in this table. Therefore, it is shown 
that no significant differences were observed among all six 
treatment groups. This means that no group lost or retained 
significantly more than another, between tests. Since the no-
treatment group was among those considered and since this group 
apparently had high retention rate, as previously indicated, 
then it follows that all film groups, by girls, had a high 
rate of retention. 
Table 35. SUIIIIIary Data of High I.Q.' s' Difference Scores, 
Between Test and Re-test--According to Rank 
Order of Mean 
Number 
Treatment of Mean Standard 
Students Deviation 
Description + 19 -.84 5o37 Questions + Film 
Description + 26 -1.15 8.16 
Film 
Film Only 20 -1.40 8.59 
No Treatment 20 -1.60 9.18 
Description + 18 -1.77 6.94 
Vocabulary + Ques-
tions + Film 
Description + 16 -2.68 5o95 
Vocabulary + Film 
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Table 35 shows that, as by boys and whole groups, the 
treatment of description + questions + film produced the least 
mean of the difference scores for high I.Q.'s. Again the no-
treatment group lost information to a small degree. The stand-
ard deviations are fairly similar among treatments. This find-
ing is consistent with similar findings by boys, girls and 
whole groups. 
Table 36. Analysis of Variance for Difference Scores Among 
Treataent Groups by High I.Q.'s 
Source Sua 
of df of Mean Square P Value 
Variation Squares 
Between s 35.62 7.12 
.11 
Within 113 6883.08 60.91 
Total 118 6918.70 
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The P value for S and 113 degrees of freedom at the 5 per 
cent level of confidence is 4.40 which is greater than the ob-
tained P value shown in this table. Therefore it is shown that 
no significant differences were observed among all six treat-
ment groups. This means that no group retained or lost sig-
nificant~y more than another, between tests. Since the no-
treatment group was among those considered and since this group 
apparently had a high rate of retention, as previously indi-
cated, it follows that all film groups, by high I.Q.'s, had a 
high rate of retention. 
Table 37. Summary Data of Low I.Q.'s' Difference Scores, 
Between Test and Re-test--According to Rank 
Order of Mean 
Nuaber 
Treatment of Mean Standard 
Students Deviation 
Description + 21 -1.19 6.59 
Questions + Film 
Film Only 19 -1.26 7.64 
No Treatment 22 -1-27 7.70 
Description + 19 -3.84 8.66 
Vocabulary + Ques-
tions + Film 
Description + 24 -4.45 6.48 
Vocabulary + Film 
Description + 17 -4.64 7.51 
Film 
Table 37 shows that when considered by low I.Q.'s the 
treatment of description + questions + film again produced the 
greatest retention of conceptual information about the be-
havior of light. The film-only group showed a smaller loss 
than three of the groups which included filmed introductions. 
The no-treatment group again demonstrated a small loss and 
the standard deviations of all of the low I.Q.'s were fairly 
homogeneous among treatments. 
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Table 38. Analysis of Variance for Difference Scores 
Among Treataent Groups by Low I.Q.'s 
Source Sum 
of df of Mean 
Variation Squares Square P Value 
Between s 294.95 58.99 
loOl 
Within 116 6747.68 S8ol6 
Total 121 7042.63 
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The P value for 5 and 116 degrees of freedom at the 5 per 
cent level of confidence is 2.26 which is greater than the ob-
tained P value shown in this table. Therefore, it is shown 
that no significant differences were observed among all six 
treatment groups. This means that no group retained or lost 
significantly more than another between tests• Since the no-
treatment group was among those considered and since this group 
apparently had a high retention rate, as previously indicated, 
it follows that all film groups had a high rate of retention. 
It is concluded, therefore, that all film groups produced 
a high rate of retention when analyzed by whole groups, by sex 
and by intelligence• However, no one of the filmed-introduc-
tion groups was significantly superior to another, nor was 
any of them significantly superior to the film-only group. In 
general this bears out findings of previous research which in-
dicate that knowledge acquired through the medium of educa-
tional motion pictures is retained to a high degree. 
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In this chapter the results of the analysis of obtained 
data were reported by whole groups, by sex and by intelligence. 
The next chapter concerns a discussion of these results. 
CHAPTER VI 
DISCUSSION OP RESULTS 
This study was concerned with the relative effectiveness 
of filmed introductions to the general science motion picture, 
Learning About Light for seventh-grade students of one junior 
high school. 
Pirst, two hundred and eighty-eight students of the total 
population were randomly assigned to six treatment groups. 
After each treatment was submitted to a different group a test 
of immediate recall was administered to all groups. (Para-
doxically the treatment provided for the no-treatment group 
did not exist. This group was given the test only and was 
necessary in order to provide a base line for the measurement 
of learning by the other treatment groups.) 
Pour weeks after the administration of the test of immedi-
ate recall a re-test was given in order to measure retention 
of the pertinent conceptual information. 
This chapter will present a discussion of the results of 
the first test and of the retention which occured between the 
first test and the re-test, as applied to the relative effec-
tiveness of the various treatments. The relative effectiveness 
of these treatments will be considered by whole groups, as well 
as by both classes of sex, and two classes of intelligence 
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according to immediate recall and then delayed recall. 
1. Immediate Recall 
By whole groups·-- After an analysis of variance tech-
niques showed that a statistically significant difference 
existed among one or more pairs of means among the treatment 
groups, Duncan's test of multiple comparisons was used to de-
termine where the difference/a existed. Fifteen combinations 
of pairs of means were tested for significant differences. 
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Pive combinations showed significant differences. In all five 
cases, however, these differences occured between the no-
treatment group and all other treatment groups. No differences 
were shown between any of the fila groups. Those groups which 
saw the motion picture preceded by filmed introductions, then, 
were not significantly different froa the group which saw the 
fila by itself. In other words all of the film groups learned 
a significant amount of conceptual information, and the film-
only group was equally as effective (statistically) as the 
filmed-introduction groups. The filmed introductions, there-
fore, did not aid the motion picture, Learning About Light to 
become a more effective teaching medium when considered by 
whole groups. 
By boys.-- Boys of all six treatment groups were compared 
for the influence that this sex class had on the results of 
the experiment. It was found from the analysis of variance 
that significant differences existed between one or more pairs 
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of means. The results of Duncan's test showed that again the 
differences existed between the group which saw no film and 
groups which saw the film. However, only three of the filmed-
introduction groups were significantly superior to the no-
treatment group. There was no statistical difference between 
one of the filmed-introduction groups (description + questions 
+ film) and the no-treatment group. The film-only group also 
was statistically the same as the no-treatment group. No sig-
nificant differences were observed between any of the film 
groups. 
The first conclusion to be drawn from these findings is 
that none of the film groups was superior to another in the 
teaching of concepts about the behaYior of light. However, 
one fact stands out; the film when shown by itself did not 
produce learning to a significant extent. When three of the 
filmed introductions preceded it, significant learning did 
occur. It is concluded, therefore, that boys interacted with 
three of the filmed-introduction treatments to produce a sig-
nificant amount of the pertinent conceptual learning. The 
treatments which produced learning to this extent are listed 
as follows, according to the rank order (lowest to highest) 
of their means: 
1. description + vocabulary + questions + film (44.36) 
2. description + vocabulary + film (46.34) 
3. description + film (47.83). 
By girls.-- The analysis of variance produced an P value 
which revealed that there were no significant differences 
among groups when girls only were considered. The explanation 
of this non-significant difference seeas to lie with the mag-
nitude of the variance within the no-treatment group. In 
other words the variance of this group appeared to be not suf-
ficiently different fro. those of the other groups. 
100 
By low I.Q.•s.-- Students below the mean (114.6) of the 
population I.Q. (it was necessary to make the cut at this 
point because any other cut would result in too small a number 
in each intelligence class) were analyzed according to their 
interaction with the various treatments. An analysis of vari-
ance revealed that a significant difference existed between 
one or more pairs of means. Duncan's formula for multiple 
comparisons showed that two of the filmed-introduction groups 
were significantly superior to the no-treatment group. Two 
of the filmed-introduction groups and the film-only group were 
not significantly different from the no-treatment group. Two 
of the filmed-introduction groups were significantly different 
from one another. However, one of these groups obtained a 
smaller mean than the film-only group. Since the assumption 
underlying this study was that the filmed introductions might 
benefit the motion picture, this significant difference proves 
nothing in favor of filmed introductions. Apparently, this 
particular introduction was a distraction to learning the con-
ceptual information as taught by the motion picture. 
It is concluded, however, that the film when shown by 
itself was not a significant learning experience. When two 
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of the filmed introductions, namely description + vocabulary 
and description + vocabulary + questions, preceded the showing 
of the film significantly superior learning did occur. Since 
this so-called low I.Q. group more nearly approximates an 
"average" I.Q. range, it is felt that the film, Learning About 
Light could benefit from the above mentioned filmed introduc-
tions when used with an "average" group of students. It is 
further noted that the common factor of these introductions 
was vocabulary. The introduction which produced the highest 
mean included all three introductory components. It appears, 
therefore, that students in this class needed the vocabulary 
explanations provided and more complete direction than existed 
in the other filmed introductions. 
By high I.Q.•s.-- Por high I.Q. students it was demon-
strated by an analysis of variance that a significant differ-
ence existed between one or more pairs of means of the various 
treatment groups. Duncan's test revealed that all of the film 
groups were significantly superior to the no-treatment group. 
As in the case of low I.Q.'s and boys, one of the filmed intro-
ductions produced a lower mean score than the film-only treat-
ment. Again, though this particular introduction was signifi-
cantly different than the filmed introduction with the highest 
mean, this difference proves only that one of the filmed in-
troductions (description + vocabulary + questions + film) 
appeared to distract the high I.Q. students from learning most 
of the contents of the film, Learning About Light. Por high 
I.Q.'s, then, there is an interaction with most of the film 
groups. There was no differentiation between the film groups, 
however, which would indicate which treatment was signifi-
cantly superior to another. Finally, none of the filmed in-
troductions when used with the fila was statistically more 
effective for high I.Q.'s than the film when shown by itself. 
2. Delayed Recall 
Analysis of variance of difference scores between the re-
sults of the test of immediate recall and the re-test of de-
layed recall showed that no significant differences existed 
between any of the pairs of means When considered by whole 
groups, by boys, by girls, by low I.Q. and by high I.Q. In 
other words none of the filmed-introduction treatments pro-
duced a greater rate of retention than any other, or that 
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which was produced by the film-only group. However, all film 
groups achieved a high rate of retention. Evidence of this is 
provided by the small means of the difference scores and the 
fact the film groups were not significantly different from the 
no-treatment group, for which no additional learning experience 
(therefore nothing to forget) was provided. 
This study, then, demonstrated that the filmed introductions, 
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as constructed. did not aid the motion picture. Learning About 
Light. to produce significantly superior learning to that pro-
duced by showing the motion picture by itself· For two classi-
fications (boys and low I.Q.'s). however. the filmed introduc-
tions did aid the motion picture to become a significant learn-
ing experience. For students in these classes. without these 
particular filmed introductions. the motion picture did not 
produce a significant amount of learning. 
All of the film groups. including the film-only group. 
were highly effective in their ability to impart knowledge in 
such a way that it was retained in large amounts. after a lapse 
of four weeks. However. none of the filmed introductions 
appeared to aid further the motion picture in this ability. 
Of the filmed introductions used• the complete treatment 
(description + vocabulary + questions + film) seems to show 
the most promise. This promise is shown with the low I.Q. 
group. which in this study was representative of students be-
tween 79 and 114.6. Since most of the students in this group 
ranged between 90 and 110 they more nearly approximate an 
10average" I.Q. group. Though this treatment was not shown to 
be significantly different from the film-only treatment. it 
aided the film to teach a significant amount of information. 
Without a filmed introduction the film did not produce sig-
nificant learning. It is concluded. therefore. that within 
the liaits of this study there appears to be an advantage in 
using a filmed introduction to an educational motion picture 
for teaching seventh-grade students of average intelligence. 
To recapitulate, the findings and conclusions of this 
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study are the result of submitting the total population (less 
absences and those with non-comparable intelligence data) of 
seventh-grade students of one junior high school to a controlled 
experiment. This experiment attempted to determine the rela-
tive effectiveness of filmed introductions to the motion pic-
ture, Learning About Light (produced by Encyclopedia Britannica 
Films, Incorporated) with respect to initial learning of con-
cepts about the behavior of light and the retention of this 
learning. 
3. Suggestions for Further Research 
The following suggestions for further research were 
prompted by the stated and implied limitations of this study, 
and the results which brought to light certain relationships 
thought to be worthy of further study. 
1. First, it would seem that this experiment as was con-
ducted could be repeated on a lower grade level. The concepts 
about the behavior of light are simple enough to be submitted 
to sixth-grade students. The language used in the test should 
produce no interpretive problems, .but it would be well to check 
with a word-list or the appropriate sixth-grade teachers for 
possible vocabulary substitution. 
2. Using the same fila with the same introductions in 
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much the saae way with students iD the "average" and in the 
"low" I.Q. range seems to be indicated by the results of this 
study. The mean scores obtained by the low I.Q. students 
(those students who scored below 114.6 on the Kuhlmann-Ander-
son Test P) clearly showed the "additive" effect of the intro-
ductory components. It is proposed then, that description, 
vocabulary and questions be subaitted additively (description 
+ film, description + vocabulary + film, description + vocabu-
lary + questions + fila) for further study, in the above men-
tioned intelligence classifications. 
3. Using the saae fila with the saae introductions in a 
different way might produce better results than those obtained 
in this study. It is suggested that the projector be stopped 
after the introductory treatment for each experimental group. 
The teacher would then involve the group in a discussion about 
the content of each component as it relates to the concepts 
about the behavior of light. (This would be done in much the 
same way as a teacher would prepare the class from a film 
guide which, as mentioned earlier, is rarely available froa 
film rental sources.) Of course, this suggestion implies con-
trol of the teacher variable; a control which was not necessary 
in the present study. 
4. A stateaent aade in the introduction of this study pro-
posed that a teacher could preview the complete filmed intro-
duction in lieu of using the film guide, which aay not be 
available. Perhaps, then, an attempt should be made to de-
termine if the complete filmed introduction is comparable to 
the film guide for its ability to aid the teacher in preparing 
her students for viewing the film. 
s. Since, as suggested in the research related to this 
study, the motion picture of the future might be used without 
a teacher it is proposed that a filmed introduction experiment 
be conducted to compare the effectiveness of the complete in-
troductory treatment to several different teacher introduc-
tions. A no-treat~nt group, such as in this study, could be 
used to measure the effectiveness of both teacher and filmed 
introductions and also the effectiveness of the film when used 
by itself. It aight well be that another film would not be as 
effective by itself as the one used in this experiment. Also 
it is possible that the filmed introduction might be equally 
as effective as a teacher introduction. 
6. It is further suggested that filmed introductions 
might be constructed and used to determine their effectiveness 
with: (1) a longer film; (2) a film containing more complex 
subject matter; or (3) a film produced for the purpose of 
teaching factual information. 
7. Pinally, it is suggested that one or more of the major 
educational film producers adapt the filmed introduction idea 
to one or two of their newer releases. Teachers who would 
subsequently use these films could be solicited for their 
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evaluation of the films and any ideas they might have concern-
ing the use of the filmed introductions. The resultant infor-
mation may suggest still further research. 
APP.BNDICBS 
APPENDIX A 
SCRIPT FOR FILMED INTRODUCfiONS 
1. General Description and Stated Purpose 
Picture (typescript) 
1. Title, Learning About 
Light 
2. This fila will give you 
some ideas about light: 
• what it comes from 
• the way it travels 
• its reaction to materials 
Narration 
1. "The film you are about to 
see is called Learning About 
Light." 
2. Same as given on picture 
(Scenes from fila Learning About Light:) 
3. Girls using blindfold and 
hand casting shadow 
4. Lamp shade moving over 
light bulb 
3. "Note that light cannot go 
through certain materials." 
4. "Some materials hold back 
!i!!!. 1i gh t • " 
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s. Girl holding clear glass 
6. Sun (animation) 
7. Mirror, animated drawing 
showing path of reflected 
light and girls bouncing 
a ball 
s. Placing pencil in glass 
of water 
9. Girl shutting off lamp 
Ship disappearing over 
horizon 
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s. "Light passes easily through 
other materials•" 
6. "Some things give off or 
originate light." 
7. ''When light strikes objects 
or materials it reacts in a 
certain way." 
8. "When light passes from mate-
rial of one density into 
that of another density it 
is affected in a certain 
way." 
9. "Light travels or moves in 
certain ways. See if you 
can learn about light as 
shown in this film." 
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2. Vocabulary 
Picture (typescript) Narration 
1. Black film (no picture) 
2. luainous 
- light giving 
or 
- light originating 
3. reflect 
- to bounce off 
4. refract 
- to break or bend 
s. transparent 
- see through 
6. translucent 
- light through 
1. "If you know the meaning of 
the following words, you 
will understand better the 
ideas about light." 
2. "Luainous means light giving 
or light originating." 
3. "Reflect means to bounce off 
something." 
4. ''Refract means to break or 
bend." 
s. "Transparent refers to mate-
rial which we can see 
through easily." 
6. "Translucent refers to mate-
rial which allows only some 
light through." 
1. opaque 
- blocks light 
s. incidence 
- falling upon 
or 
- striking 
9. angle 
v 
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7. "Opaque refers to material 
through which no light can 
pass." 
8. "Incidence means the act of 
falling upon or striking." 
9. "When two paths or lines come 
together, the space between 
thea is called an angle." 
3. Directed Questions 
Picture (typescript) 
1. Black film (no picture) 
2. What kinds of objects or 
materials originate light? 
What are they called? 
Narration 
1. "As you watch this film, see 
if you can answer the fol-
lowing questions." 
2. Same as picture 
3. How does light act when it 3. Same as picture 
strikes objects or mate-
rials which it cannot go 
through? 
4. How does light act as it 
goes through different 
kinds of materials? 
s. In What ways does light 
travel from point to 
point? 
6. How does light, as it 
combines with objects 
and materials, aid man? 
7• What names do we call the 
different actions of 
light? 
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4. Same as picture 
s. Same as picture 
6. Same as picture 
7. Same as picture 
PRELIMINARY 
TEST ON LIGHT FDR GPA.D!': SEVEN 
:Oireotions1 
On the answer sheet, write your name and sex only, Tten place the answer sheet 
unC.er this booklet. 
Do not cpen this booklet until your teacher tells you to do so. 
R'3ad ( s::lently) the following directions alang with your teacher. 
This is a test of how well you under stand light as it concerns objects, materi:J.!.s 
and situations familiar to you. 
Now, look at your answer sheet. 
There are four possible answers to each question. You are to choose tha best 
one and then, on the answer sheet, fill in the space beneath the small number 
of the answer which you chose. You wlll not have any answers under number 5, 
only under numbers 1, 2, 3, or 4. Do not pay attention to the letters T and F' 
at the top of the pags. 
Look at the sample questions and answer~ below. 
of how they will appear in the test. Remember, 
sheet, not on the question booklet. If you are 
choose the answer which you think is correct. 
Do not stay on any question for too long a time, 
Sample 1 
This will give you an idea 
mark your answer on the ai1~JV~:::-' 
not sure of the correct an5Wel', 
What is the weather condition that refers to the amount of moisture in the air 
called? 
1. temperature 
2. ionosphere 
3, ol L11ate 
4. humidity 
1 2 3 4 
u 11 Ill 
Sample 2 
The passengers in a oar which stops 
'bsce.use 
suddenly tend to continue in its directi~n 
1. 
2. 
3. 
4. 
every action has a reaction. 
a body in motion tends to remain in motion. 
the oar was g0ing downhill. 
bodies tend to move in straight lines, 
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1 2 3 4 
Jill\ \I 
1, Which of the following m~terials is transparent? 
1. the air 
2. a mirror 
3. a flame 
4. an unfolded handkerchief 
2. Which of the following actions of light is best shown with a camera lens? 
1. refraction 
2. amplification 
3. reflection 
4. absorption 
3, Which material has the least amount of density? 
1. water 
2. paper 
3, glass 
4. air 
4. Which of the following objects is most reflective? 
1. water 
2. air 
3, silver 
4. fire 
5. l"Jhich of the following materials is translucent? 
1. a wooden match 
2, a small aquarium 
3. a magnifying glass 
4. a cloud 
6. A piece of glass on the ground in fr>)nt of you is directing light waves tJ 
a building on your left, The angle formed bv the light striking the glass 
is called 
l, the angle of ori,e;in. 
2. the angle of reflection. 
3. the angle of incidence. 
4. the angle of refraction. 
7. Which object is seen by reflection only? 
1. a match flame 
2, the sun 
3. a rutch stick 
4. a p,ece of active radium 
l. Which light action is the angle of incidence concerned with? 
l, spaed 
2. direction 
3. abG:r·ption 
4. arr.;olificaticn 
I, Which of the following is translucent? 
1. a srr.all aquarium 
2. the moon 
3. a frasted light bulb 
4. a contact lens 
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'· Which of the fellowillg "bjeets is luminous? 
1. an unlighted flashlight 
L, 
) 
•• 
2, a silvervd mirror 
3, a pieoe t:Jf o.lear glass 
4, a match fl arne 
When light passes from air into glass, 
light take place? 
1. The light rays are completely 
2, The light rays are absorbed, 
3. The light rays are bent, 
4, The light rays are amplified, 
which of the following actions of 
reflected. 
A jet airoraft is nigh~flying at the speed of sound, You can see tha ra•·e 
of its headlights out in front of it. This proves that -
1, light rays travel at tha same speed as sound waves, 
2. light rays travel faster than sound waves, 
3, light rays travel at slightly slower speed than sound waves, 
4, light rays travel at a much slower speed than sound waves. 
5, Which of the following objeats is seen by reflection only? 
1, a gas flam11 
2, a television picture 
3, a pool of water 
4. an oil flame 
l, When light rays from a flashlight bounce off a round white ball, which 
;, 
statement about the angles formed by this actlon i~ cor~~ct? 
1. The angle tJf incidence is greater than tite angle of reflection. 
2, The angle l'lf in<Jidence is grea"':er t'1an t:1e angle of refraction. 
3, The angle of reflection is equal to the angle of incidence. 
4. The angle of refraction is equal to the angle of reflection, 
Which of the following actions of light does the angle of reflection 
refer te? 
1. light rays bouncing from a black object 
2. light rays striking a mirror 
3, light rays passing from e:i r into glass 
4. light rays passing from air into water 
5. Which of the following terms best describes the sun as an object? 
1, refractive 
2, reflective 
3. translueent 
4, luminous 
7. A picture is r~corded upside down on a camera film, This is because -
1, the lens refraets li gilt rays. 
2, light rays travel in a straight lina, 
3, the lens inverts the light rays, 
4, the film is placed in the camera upside down, 
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~B. Which of the following terms best applies to a camera lens? 
1. reflective 
2. translucent 
3. transparent 
4. opaque 
L9. Which of the following terms best applies to a candle flame? 
1. refractive 
2. luminous 
3. reflective 
4. transparent 
:o. Which of the following devices aids us to see distant objects? 
1. a microscope 
2. a magnifying glass 
3. a spectroscope 
4. a telescope 
~1. Which of the fo 11 cc:ing statements applies to the action of light 
bouncing off water? 
1. The angle of refraction equals the anglo of reflection. 
re<ys 
2. The angle of incidenoe is greater than the aHg'le of reflection. 
3. The angle of reflection equals the angle of incidence. 
4. The angle of attack equals the angle of refraction. 
,., 
•wo The moon aids us to see better because it is -
1. luminous. 
2. refr-active. 
3. reflective. 
4. translucent. 
:3. From which of the following kinds of material is the body (nui; the lens) 
of the camera made't 
1. translucent 
2. opaque 
3. lu:ninous 
4. r e.:~raot i·ve 
:4. By witnessing light8nin:; and t}mnder we oan tell that -
1. sound waves travel two times faster than light rays. 
2. light ravs tra-vel faster than sc".lnd waves. 
3. bosh 1; ,;ht an<i\ sound travel at the sarr.e speed. 
4. oc:und wa-;es travel three times faster than light rays. 
:5. Which of the following terms best describes an ordinary window pane? 
l. translucent 
2. transparent 
3. refractive 
4. opaque 
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i6. Which of the follov:ing pairs of objects can be used to show the action 
refraction? 
1. sun and moon 
2. ball and flashlight 
3. mirror and ball 
4. straw and water 
7. Which of the following objects has luminous qualities! 
1. the moon 
2. a straw 
3. clear glass 
4. a radium watch dial 
B. Choose the statement that tells why clear glass does not cast a dark 
shadow? 
1. Translucent material allows Hght to pass through easily. 
2. Transparent material restricts very little liFht. 
3. Transparent material restricts most of th~ light. 
4. Translucent material does not restrict light. 
~. Which of the following light prindples is used to make eye-glass lenses? 
). 
' '. 
1. refraction 
2. amplification 
3. reflection 
4. translucency 
Which of the following changes affect refraction? 
1. change in color 
2. change in density 
3. change in absorption 
4. change in speed 
Window shades through which some light passes are called-
1. opaque. 
2. translucent. 
3. transparent. 
4. refractive. 
Which of the following materials is most nearly opaque? 
1. a window shade 
2. a camera lens 
3. an eye- glass lens 
4. a piece of wood 
·• Which of the following qualities of the firefly enables us to see it in 
the d~rkt 
1. reflective 
2. translucent 
3. luminous 
4. opaque 
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34. A light ray strikes a mirror and glances into your eyes. The angle made 
as the light ray strikes the mirror is called -
1. the angle of reflection. 
2. the angle of incidence. 
3. the angle of attack. 
4. the angle of origin. 
35. Which of the following objects is translucent'!' 
1. a watch crystal 
2. the moon 
3. a piece of frosted glass 
4. an eye-glass lens 
36. Which of the following terms applies to a flame? 
1. translucent 
2. reflective 
3. refractive 
4, luminous 
37. Which of the following pairs of terms have a relationship similar to 
38. 
night and day'? 
1. transparent and translucent 
2, opaque and transluoent 
3. translucent and opaque 
4. opaque and transparent 
Which of 
1. 
2. 
the following 
luminous 
reflective 
3. transparent 
4. translucent 
qualities account for smoke being visible? 
39. Clear water. when shallow and still is said to be -
1. transparent. 
2. translucent. 
3. opaque. 
4. luminous. 
40. Which of the following is an example of transparent object? 
1. a match head 
2. a camera lens 
3. a window shade 
4. a piece of wood 
41. Choose the statement which applies to light rays bouncing off dark earth. 
1. The angle of refraction equals the angle of reflection. 
2. The angle of incidence is gre~ter than the angle of reflection. 
3. The angle of reflection is less than the angle of incidence. 
4. The angle of reflection equals the angle of incidence. 
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42. Which of the following objects is opaque? 
1. a pencil 
2, a piece of composition paper 
3, a window pane 
4, a prism 
43. In which of the following ways do our eyes affect light rays? 
1. Our eyes invert light. 
2. Our eyes refract light only, 
3. Our eyes reflect light only, 
4. Our eyes reflect and refract light. 
4"-. "?hicl1 of the following statements applies to frosted glass? 
1. Transparent material allows light to pass through easily. 
2. Translucent material allows only some light to pass through it. 
3. Transparent material restricts most of the light which comes in 
contact with it. 
4, Opaque ~Aterial allows some light to pass through it. 
45. Which of the following light-related qualities enables us to see a glass 
of water? 
1. refraction 
2. opaqueness 
3, reflection 
4. incidence 
46. Clear glass does not cast a dark shadow because clear glass is -
1. opaque 
2. refractive 
3. reflective 
4. transparent 
47. Betwsen which of the following objects is light most 
directly'l 
1. objects on opposite sides of a wooden door 
2. objects on the top and bottom of a flag pole 
3. objects on opposite sides of a mountain 
4. objects on opposite sides of a white ball 
48, We cannot see a ship beyond the horizon because -
1. light rays curve downward, 
2, water is refractive 
3, water disperses light 
4. light travels in a straight line 
l9, Which of the following materials is translucent? 
l, a magnifyin~ glass 
2, a flourescent light tube 
3, the moon 
4. a microscope 
)(), Which of the following materials is opaque? 
1. sea water 
2. a camera lens 
3. a lamp bulb 
4. the moon 
likely to travel 
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51. Which of the following light actions is related to a ohan~ in doneity 
of materials? 
1. reflection 
2. speed 
3. refraction 
4. direction 
52. Which of the following objects has the ability to become luminous? 
53. 
54. 
1. the moon 
2. a mirror 
3. a prism 
4. a match 
When you 
1. 
2. 
3. 
4. 
shine a spot light at its own image in the mirror -
the angle of incidence equals one half the angle of refraction. 
the angle of reflection equals one half the angle of incidence, 
the angle of incidence equals twice the angle of refraction. 
the angle of reflection plus the angle of incidence equ.,, ~ ~~- r·. 
We oan view the contents of a small aquarium because -
1. water, when shallow and still. is translucent. 
2. water, when shallow and still, is reflecti;;e, 
3. water, when shallow and still, is opaque. 
4. water, when shallow and still, is transparent. 
55, Which of the following materials is refleotive? 
1, air 
2. the moon 
3. a gas flame 
4. an oil flame 
56. Which of the following statements is correct? 
1, Light rays follow the curvature of the earth. 
2. Light rays travel straight from the moon to earth. 
·3. Light rays are bent by a curved mirror. 
4. Light rays travel in both curved and straight lines. 
57. Which pair of terms describes a bowling ball as it is affected by light? 
1, refractive and luminous 
2. opaque and reflective 
3. transparent and opaque 
4. refractive and reflective 
58. We are able to see ourselves in a mirror because -
1. we are luminous and reflective. 
2. the mirror refracts light toward us, 
3. we and the mirror reflect light rays. 
4. the mirror is transparent. 
59. Joe bounces a ball at an angle so that it will be caught in one bounce 
by George. If the ball were a light ray, the angle formed, as the ball 
bounces toward George, would be called-
1. the refractory angle. 
2. the angle of incidence. 
3. the angle of reflection. 
4, the angle of refraction. 
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60. In which or the rollowing devioes uses the principle of refraction? 
1. a mirror 
2. a microscope 
3. a flashbulb 
4. a neon tube 
61. Whioh of the following objects is transparent? 
1. a glass of water 
2. a glass of milk 
3. a glass of oocoa 
4. a glass of orange juice 
62. People see one another becauee -
1. luminous objects are visible. 
2. objects refract light. 
3. objects which are not luminous are seen by reflection. 
4. luminous objects are seen by reflection only. 
63. With which of the following objects can we easily show how refraction 
works'!: 
1. a cardboard through which there is a small hole. 
2. a magnifying glass 
3. a piece of clear motion picture film 
4. a piece of frosted glass 
S4. Which of the following objects is luminous? 
1. a match head 
2. a radium watch dial 
3. a mirror 
4. the moon 
65. A piece of glass on the ground in front of you is directing light to a 
a building on your left. The angle formed by the light as it leaves 
the glass is called -
1. the angle of origin. 
2. the angle of incidence. 
3. the angle of reflection. 
4. the angle of refraction. 
66. Choose the term which best applies to a silver dollar as it is affected 
by light. 
1. translucent 
2. transparent 
3. refractive 
4. opaque 
67. A light ray strikes a piece of white paper and glances into your eyes. 
The angle made as the light ray leaves the paper is called -
1. the angle of departure. 
2. the angle of origin. 
3. the angle of reflection. 
4. the angle of incidence. 
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68. Which of the following objects is opaque? 
1. frosted gle.s s 
2. air 
3. e. prism 
4. the earth 
~9. P.efraction can be illustrated with -
1. a flame and a piece of silver, 
2. a silver spoon and a tank of water. 
3. a tank of colored water. 
4. a flame and a piece of paper. 
70. An unfolded white handkerchief when held to the light could be called -
1. transparent. 
2. translucent. 
3. opaque. 
4. refractive. 
71. A lamp seems to go on instantly when you turn the switch. This happens 
because -
1. you blink your eyes as you turn on the light. 
2. light rays travel extremely fast. 
3. the lamp shade is highly reflective. 
4. refraction is instantaneous. 
72. Joe bounces a ball at an angle so that it oan be caught by George in 
73. 
one bounce. If the ball were a light ray, the angle at which it strikes 
the ground would be called -
1. the refractory angle. 
2. the angle of incidence. 
3. the angle of reflection. 
4. the angle of refraction. 
A pencil seems to bend as it is placed in water. We call this action -
1. reflection. 
2. transparent action. 
3. forming the angle of incidence. 
4. refraction. 
74. We can't see through a wooden door because wood is -
1. refractive. 
2. opaque, 
3. reflective. 
4. translucent. 
75. We are able to see brightness, but no details through a piece of paper 
because -
1. translucent material allows light to pass through easily. 
2, opa1ue material allovrs some light through it. 
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3. transparent material restricts most of the light which strikes :!.t. 
4. translucent material allows some light to pass through it. 
76. Which of the following pairs of terms is correctly matched? 
1. refraction - flame 
2. reflection - prism 
3. refraction - lens 
4. translucent - lens 
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REVISED 
TEST ON LIGHT FOR GRft~E SEVEN 
Directions: 
On the answer sheet, write your name and sex only, Then place the sheet 
under this booklet. 
Read (silently) the following directions. 
This is a test of how well you understand light as it concerns objects, material' 
and situations familiar to you. 
Now, Look at your answer sheet. 
There are four possible answers to each question. You are to choose the best on' 
and then, on the answer sheet, fill in the space beneath the small number of 
the answer which you chose. You will not have any answers under number 5, only 
under numbers 1, 2, 3, or 4. Do not pay attention to the letters T and F at 
the top of the page. 
Look at the sample questions and answers below. 
of how they will appear in the test. Remember, 
sheet, not on the question booklet. If you are 
choose the answer which you think is correct. 
Do not stay on any question for too long a time. 
Sample 1 
This will give you an idea 
mark your answer on the answer 
not sure of the correct answer, 
What is the weather condition that refers to the amount of moisture in the air 
called? 
1. temperature 
2. ionosphere 
3. climate 
4. humidity 1111!11 
Sample 2 
The passengers in a car which stops suddenly tend to continue in its direction 
because 
1. every action has a reaction. 
2. a bo~y in motion tends to remain in motion. 
3, the car was going downhill. 
4. bodies tend to move in straight lines. 
There is only one gnswer to each question. 
Make your marks neat, black and shiny. 
Now begin. 
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1. Which of the following devices aids us to see distant objects? 
1, a microscope 
2, a magnit'ying glass 
3, a spectroscope 
4, a telescope 
2, Which of the following objects is transparent! 
1, a glass of water 
2, a glass of milk 
3, a glass of cocoa 
4. a glass of orange juice 
3, We cannot see a house which is beyond the horizon because -
1. light rays curve downward, 
2. air is refractive. 
3. air disperses light. 
4. Light travels in a straight line. 
4. Which of the following materials is transparent? 
l, the air 
2. a mirror 
3. a flame 
4, an unfolded handkerchief 
5, Clear glass does not cast a dark shadow because clear glass is -
1. opaque, 
2. refractive. 
3, reflective. 
4, transparent. 
6. Which of the follewing terms best describes an ordinary window pane? 
1. translucent 
2. transparent 
3. refractive 
4. opaque 
7. Which of the following terms best applies to a candle flame? 
1. refractive 
2, luminous 
3, reflective 
4. transparent 
B. A lamp seems to go on instantly when you turn the switch. This happens 
because -
1. you blink your eyes as you turn on the light, 
2, light rays travel extremely fast. 
3. the lamp shade is highly reflective, 
4. retr~ction is instantaneous. 
9, Which of the following materials is reflective? 
1, air 
2. the moon 
3, a gas flame 
4, an oil flame 
125 
-2-
10. We can't see through a wooden door because wood is -
1. refractive. 
2. opaque. 
3, reflective. 
4. translucent. 
11. Which of the following statements applies to frosted glass? 
1. Transparent material allows light to pass through easily, 
2. Translucent material allows only some light to pass through it. 
3. Transparent material restricts most of the light which comes in 
contact with it. 
4. Opaque material allows some light to pass through it, 
12, Which of the following qualities of the firefly enables us to see it in 
13. 
the dark? 
1. reflective 
2. translucent 
3, luminous 
4, opaque 
Which of the following statements is correct? 
1. Light rays follow the curvature of the earth. 
2. Light rays travel straight from the sun to earth. 
3. Light rays curve at sunset, 
4. Light rays travel in both curved and straight 
14, Which of the following terms applies to a flame? 
1. translucent 
2. reflective 
3, refractive 
4. luminous 
15, Which of the following objects is opaque? 
1. frosted glass 
2. air 
3. a prism 
4. the earth 
16. Which of the following objects is opaque! 
1. a pencil 
2. a piece of composition paper 
3, a window pane 
4. a prism 
lines. 
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17, From which of the following kinds of material is the body (not the lens) 
of the camera made? 
1. translucent 
2. opaque 
3. luminous 
4. refractive 
18. By witnessing lightening and thunder we can tell that -
1. sound waves travel two times faster than light rays. 
2. light rays travel faster than sound waves. 
3. both light and sound travel at the same speed. 
4, sound waves travel three times faster than light rays. 
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19. Which of the following changes is likely to result in refraction of light? 
1. change in color 
2. change in density 
3. change in absorption 
4. change in speed 
20. Which light action is the angle of incidence concerned with? 
1. speed 
2. direction 
3. absorption 
4. amplification 
21. The moon aids us to see better because it is -
1. luminous. 
2. refractive. 
3. reflective. 
4. translucent. 
22. Which pair of terms describes a bowling ball as it is affected by light? 
1. refractive and luminous 
2. opaque and reflective 
3. transparent and opaque 
4. refractive and reflective 
23. Which of the following terms best describes the sun as an object! 
1. refractive 
2. reflective 
3. translucent 
4. luminous 
24. We can view the contents of a small aquarium because -
1. water, when shallow and still, is translucent. 
2. water, when shallow and still, is reflective. 
3. water, when shallow and still, is opaque. 
4. water, when shallow and still, is transparent. 
25. Clear water, when shallow and still is said to be -
1. transparent. 
2. translucent. 
3. opaque. 
4. luminous. 
26. Windaw shades through which some light passes are called -
1. opaque. 
2. translucent. 
3. transparent. 
4. refractive. 
27. Which of the following objects is mast reflective! 
1. water 
2. air 
3. silver 
4. fire 
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28. When light passes from air into glass at an angle. which of the following 
29, 
aotions of light takes place? 
1, The light rays are completely reflected, 
2, The light rays are absorbed, 
3, The light rays are bent, 
4, The light rays are amplified. 
People 
1. 
2, 
3, 
4. 
see one another because -
luminous objects are visible, 
objects refract light. 
objects which are not luminous are eeen by reflection, 
luminous objects are seen by reflection only, 
&>, Refraction can be illustrated with-
1, a flame and a piece of silver, 
2, a silver ~poon and a tank of water. 
3, a tank of colored water, 
4, a flame and a piece of paper. 
31, Joe bounces a ball at an angle so that it can be caught by Geroge in 
one bounoe, If the ball were a light ray. the angle at which it strikes 
the ground would be called -
1. the refractory angle, 
2, the angle of incidence, 
3. tb! angle of reflection, 
4. the angle of refraction. 
32, Which of the following light principles is used in the making of eye-glass 
lenses? 
1, refraction 
2. amplification 
3, reflection 
4, translucency 
33, Which of the following objects is luminoust 
1. an unlighted flashlight 
2, a silvered mirror 
3. a piece of clear glass 
4. a match flame 
34, A pencil seems to bend as it is placed in water, We call this action -
1, reflection. 
2. transparent action, 
3, ferming the angle of incidence. 
4, refraction. 
35. Which of the following objects is translucent! 
1. a watch crystal 
2. the moon 
3, a piece of frosted glass 
4. an eye- glass lens 
36. Whieh material has tha least amount of density? 
1. water 
2. paper 
3, glass 
4. air 
-s-
37. With which of the following objects can we easily show how retraction 
works? 
1. a cardboard through which there is a small hole 
2. a magnifying glass 
3. a piece of clear motion picture film 
4. a piece of frosted glass 
38. When light rays from a flashlight bounce off a round white ball, which 
statement about the angles formed by this action is correct? 
1. The angle of incidence is greater than the angle of reflection. 
2. The angle of incidence is greater than the angle of refraction. 
3. The angle of reflection is equal to the angle of incidence. 
4. The angle of refraction is equal to the angle of reflection. 
39. An unfolded white handkerchief when held to the light could be called-
1. transparent. 
2. translucent. 
3. opaque. 
4. refractive. 
40. A light ray strikes a piece of white paper and glances into your eyes. 
The angle made as the light ray leaves the paper is called -
1. the angle of departure. 
a. the angle of origin. 
3. the angle of reflection. 
4. the angle of incidence. 
41. Which of the following light actions makes a glass of water visible? 
1. retraction 
2. absorption 
3. reflection 
4. dispersion 
42. Which of the following objects is luminous? 
1. a match head 
2. a radium watch dial 
3. a mirror 
4. the moon 
43. Which of the following objects is translucent1 
1. a small aquarium 
2. the moon 
3. a frosted light bulb 
4. a contact lens 
44. Which of the following light actions is related to a change in density 
of materials? 
1. reflection 
2. speed 
3. refraction 
4. direction 
45. A piece of glass on the ground in front of you is directing light waves te 
a building on your left. The angle formed by the light striking the glass 
is called -
l. the angle of origin. 
2. the angle of reflection. 
3. the angle of incidence. 
4. the angle of refraction. 
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4S. Which of the following pairs of objects can be used to show the action 
of refraotion? 
1. sun Ill d moon 
2. ball and flashlight 
3. mirror and ball 
4. straw and water 
47. Which of the foll.wing objects has l~inous qualities? 
48. We 
1. the moon 
2. a straw 
3. clear glass 
4. a radium watch dial 
are 
1. 
2. 
3. 
4. 
able to see ourselves in a mirror because -
we are luminous and reflective. 
the mirror refracts light toward us. 
we and the mirror reflect light rays. 
the mirror is transparent. 
49. Which of the following materials is translucent? 
1. a magnif.ying glass 
2. a flouresoent light tube 
3. the moon 
4. a microscope 
50. Which of the following pairs of terms has a relationship similar to 
night and day? 
1. transparent and translucent 
2. opaque and translucent 
3. translucent and opaque 
4. opaque and transparent 
51. Choose the statement that tells why clear glass does not cast a dark 
shadow'!' 
1. Translucent material allows light to pass through easily. 
2. Transparent material restricts very little light. 
3. Transparent material restricts most of the light. 
4. Translucent material does not restrict light. 
52. We are able to see brightness. but no details through a piece of paper 
because -
1. translucent material allows light to pass through easily. 
2. opaque material allows some light through it. 
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3. transparent material restricts most of the li~t which strikes it. 
53. 
4. translucent material allows some light to pass thro~gh it. 
Choose 
1. 
2. 
3. 
4. 
the statement which applies to light rays bouncing off dark earth. 
The angle of refraction equals the angle of reflection. 
The angle of incidence is greater than the angle of reflection. 
The angle of reflection is less than the an~le of incidence. 
The angle of reflection equals the angle of incidence. 
54. Which of the following objects has the ability to become luminous? 
1. the moon 
2. a mirror 
3. a prism 
4. a match 
55. Choose the term which best applies to a silver dollar aE it is affected 
by light. 
l• translucent 
2. transparent 
3. refractive 
4. opaque 
56. Which of the follewing statements applies to the action of light rays 
b~uncing off water? 
1. The angle of refraction equals the angle of reflection. 
2. The angle of incidence is greater than the angle of reflection. 
3. The angle of reflection equals the angle of incidence. 
4. The angle of attack equals the angle of refraction. 
57, Which of the following devices uses the principle of refraction? 
1. a mirror 
2. a microscope 
3, a flashbulb 
4. a neon tube 
58. A piece of glass on the ground in front of you is directing light to a 
building on your left. The angle formed by the light as it leaves the 
glass is called -
1. the angle of origin. 
2. the angle of incidence. 
3. the angle of reflection. 
4. the angle of refraction, 
59. Which of the following objects is seen by reflection only? 
1. a gas flame 
2, a television picture 
3. a pool of water 
4. an oil flame 
60. Which of the following materials is epaque1 
1, sea water 
2. a camera lens 
3, a lamp bulb 
4. the moon 
61. A light ray strikes a mirror and glances into your eyes. The angle made 
as the light ray strikes the mirror is called -
1. the angle of reflection. 
2. the angle of incidence. 
3. the angle of attack, 
4. the angle of origin. 
62. Which of the following materials is most nearly opaque? 
1. a window shade 
2. a camera lens 
3. an eye-glass lens 
4. a piece of wood 
63. Which of the following terms best applies to a camera lens? 
1. reflective 
2, translucent 
3. transparent 
4. opaque 
l3l. 
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64, Which of the following actions of light is best shown by means of a 
camera lens? 
1, refraction 
2, amplification 
3, reflection 
4. absorption 
65, Which of the following pairs of terms is correctly matched? 
1. refraction - flame 
2, reflection - prism 
3. refraction - lens 
4, translucent - lens 
66, Which object is seen by reflection only? 
1. a match flame 
2. the sun 
3, a match stick 
4. a piece of active radium 
67. When you shine a spot lig.ht at its own image in the mirror -
1, t~e angle of incidence equals one half the angle of refraction. 
2, the angle of reflection equals one half the angle of incidence. 
3, the angle of incidence equals twice the angle of refraction. 
4, the angle of reflection plus the angle of incidence equals aero. 
68. Which of the following qualities accounts for smoke being visible? 
1. luminous 
2. reflective 
3, transparent 
4. translucent 
69, Between which of the following objects is light most likely to travel 
directly? 
1. objects on opposite sides of a wooden door 
2. objects on the top and bottom of a flag pole 
3. objects on opposite sides .of a mountain 
4. objects on opposite sides of a white ball 
70, Joe bounces a ball at an angle so that it will be caught in one bounce 
by George. If the ball were a light ray, the angle formed, as the ball 
bounces toward George, would be called -
1. the refractory angle, 
2. the angle of incidence, 
3, the angle of reflection. 
4. the angle of refraction, 
71. Which of the following materials is translucent? 
1, a wooden match 
2. a small aquarium 
3. a magnifying glass 
4. a cloud 
72. Which of the following actions of light does the 
refer to? 
1. light rays bouncing from a silver dollar 
2. light rays striking a mirror 
3, light rays passing from air into glass 
4. light rays passing from air into water 
angle of reflection 
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To find the Median M.A. take· average of the 5th and 6th highest scores. 
M.A 
,_ 26·0 
21.0 
18·0 
16.0 
14·0 ,_ 
·-
·-
13·0 
12·0 
11·0 
·-
10·0 ,_ 
9·0 
·-
8-0 
·-
-
" 
" 
12 
12 ~ 
-· 
9 
9 
\ 
6 
' 
.. 
' 2 
' 
Tesc 2% 23 
T<ia!, ' I 
20 
16 
f-12 
~ 
I 
f-
• 
I 
24 
Pro:flle of 'l"rf.a.ls Passed 
12 
" " 
15 r" 
. .,.-
" 
10 12 12 
·-
12 
12 r 9 12 
• 9 
9 
9 
6 
9_ 
' 
6 
·C 6 6 r 1-• 
• ' • ' -I 
' I 
-
I 
2 
' 
I 
I 
I 
25 
" 
27 28 30 31 
Median M.A. ----~-----
., 
" 
12 
9 
6 
' 
I 
' I 
I. 
! i 
I 
,, 
•• 
EXAMPLES: 
table 
apple 
I. silk 
2. salmon 
3. sheep 
4. diamond 
5. hammer 
6. lettuce 
7. man 
8. gun 
9. carpentry 
10. gold 
11. wagon 
12. base bali 
13. bee 
14. mustard 
15. honesty 
Test No. 22 
box furniture bed cloth 
cherry seed grow fruit 
wood 
leaf 
red pretty dress fashion cloth 
meat water swim fish food 
flock animal meat woolly butchered 
precious value sparkles jewel ring 
carpenter nail tool useful iron 
vegetable green leaves healthful garden 
boy strong fights muscle person 
shoot muzzle weapon dangerous wound 
tools trade man wages house 
bright valuable mineral ring money 
vehicle brake wood ride carriage 
practice diamond healthful team sport 
wax birds honey insect stings 
burns spice powder strong flavor 
excellence best virtue right desirable 
EXAMPLES: 
early slow wrong light big right 
free good old heavy bad fast 
1. old rich wide 
2. light soon bad 
3. brown open full 
4. laugh now wait 
poor green full 
sick dark narrow 
dark sorry empty 
whistle study cry 
5. soon above when even below back 
6. strong fight weak muscle jump work 
7. like fun friend cousin enemy skate 
8. never where while still quickly always 
9. sharp narrow point steep dull study 
10. string 
11. health 
12. polite 
line straight turn old 
cheerful weight gloomy 
pupil behavior book rude 
crooked 
sleepy 
funny 
13. tennis easy punish lesson nice reward 
food 
14. add arithmetic wrong subtract fraction number 
15. false broken ancient valuable price modern 
Test No. 23 
- - - - -..- -
·• 
EXAMPLE: 
detrimental 
1. deem 3. lard 5. trip 
2. nine 4. limb 6. arid 
demonstrable 
1: mean 16. reef 31. lean 
2. eyes 17. babe 32. omen 
3. road 18. luna 33. scab 
4. lace 19. amen 34. siot 
5. dare 20. star 35. fear 
G. reds 21. stir 36. mere 
7. open 22. nets 37. done 
8. arms 23. rags 38. true 
9. lets 24. lamb 39. odes 
10. dime 25. shot 40. earn 
11. odor 26. made 41. mope 
12. east 27. need 42. node 
13. beak 28. stew 43. rash 
14. rant \ 29. bred 44. boar 
15. read 30. alas 45. test 
Test No. 24 ~ 
I . 
EXAMPLES: 
table top paint legs cloth dishes 
tree shade nuts roots leaves branches 
1. book 
2. squirrel 
3. cat 
4. chair 
5. house 
6. boy 
7. room 
8. concert 
9. army 
10. banquet 
11. fire 
12. blizzard 
13. club 
14. trial 
15. contest 
Test No. 25 
story pages shelf picture printing 
nuts fur tail cage tree 
hair owner mouse claws milk 
arms legs rocker seat comfort 
sidewalk window bed furnace door 
shoes legs suit head knife 
furniture lamp people walls ceiling 
encore performer violin singing 
applause music 
officers tents fighting soldiers ships 
deaths 
music wine guests dancing food 
laughter 
alarm flame danger heat fireman 
insurance 
winds death thunder danger snow wrecks 
banquets meetings committees clubhouse 
fun members 
sentence crime defendant judge jury 
I guilt 
opponents 
rivalry 
crowds 
dislike 
rowing strength 
•I 
' EXAMPLES: 
chair book couch desk box letter 
dog cheese dish potato table bread 
1. dirt iron force silver wool wire 
2 .. ship waves cart road wagon bricks 
3. store banana basket apple seed plum 
4. sea rock mountain lake storm river 
5. glass hat room ribbon basket dress 
6. robin winter horse song squirrel fence 
7. rain wind sky steam heat water 
8. brass piano violin party pleasure flute 
9. submarine officer duty bomb trench gun 
10. poetry physics physiology beauty chemistry 
resonance 
11. sermon newspaper manuscript book magazine 
speech 
12. house cave barn hotel store castle 
13. paper ora yon pencil blackboard pen ink 
.14, frog feathers fish chicken animal duck 
H5. gold ruby stone pearl jewel diamond 
Test No. 26 
,ABCDEFGHIJKLM NOPQRSTUVWXYZ 
EXAMPLES: 
The third letter of the alphabet is • • • 
The second letter before the sixth letter is 
1. The fifth letter of the alphabet is . • . 
2. The second letter before the last letter is . 
3. The third letter before M is • . . . 
4. The letter midway between H and N is 
5. The second letter after the fourth letter is 
6. The letter two letters to the right of the letter E is 
7. The first letter to the left of the tenth letter is 
8. The letters of the word the in the order in which 
they come in the alphabet are . • • . . . 
9. The letters of the word boy in the order in which 
they come are • .-. . • · . • : • • • . 
10. The word you get by putting the first letter between 
the two· middle letters of the alphabet is . . • . 
11. The word you can make out of the fifth letters from 
. . 
, ___ ,,,, __ 1 
-------------- 2 
---··--------- 3 
____ , ______ , 4 
____________ , 5 
-------------- 6 
__ , ___ ,,_, 7 
_,, __ , _____ .8 
________ ,,, 9 
.............. 10 
the ends, using one of them twice is • • • . • • _____ ......... 11 
12. The word you get by putting the first and fifth letters 
between the two middle letters of the alphabet is ___ , .. 12 
Test No. '1:1 
\ 
I ~~~ 
!I 
EXAMPLES: 
K -0-B· 0 . . . . . . . . . . B ------- --------- -·--·--------·----·--------·--------·--·------·--·-···----
T -0-F -S ........... S -----·---------·----------·--------·----------~----·-······------···-------··· . 
1. I -C-H-D-L .••...... C -----·--------------------------------------------·--------------·-----···----
2. 0-C-A-T .......... C--··--------------·-··········---------·------·--··-······-··················· 
3. U-E-0-H-S ...... , . H ....................................................................... , ..... . 
4. H-T-E-M .......... T ............................................................................. . 
5. C-H-S-0-0-L ...... S --------------------------··------------------············-··················· 
6. N-B-U-M-E-R . . . . . N ---·-·----------------------------------·······················-·············· 
7. C-R-H-A-I ........ C -----------------------------------------------···················-··········· 
8. T-W-A-E-R ....... W .............................................................................. . 
9. ·w -T-E-R-1-N ..... W .............................................................................. . 
10. L-T-R-E-T-E . . . . .. L---·------···-············------------------------------------------------·· 
11. P-E-P-A-R ........ P --------------------------·--------------------------------------·------------
12.. S-R-0-T-E . . ....... 8 ........................................ ----------------------------------·----
13. C-R-Y -A-N -0 ...... C..-------------------------------------------------------------------·----·-··· 
14. E-P-N -L-C-I ....... P -----------------------------------------------·----··-------·-----------·----
15. F-W -L-'0-R-E ..... F·------------------------·--·-----·-----------·············-------·-·--·-------
Test No. 28 
EXAMPLES: 
girl come ill his 
apple shell ripe . banana 
1. sit can pie big 
2. ton sing boy some 
3. tell some me can 
4. why bury still you 
5. are bat out tell 
6. truth happy people riches 
7. mirth beauty business ugly 
8. trill hurry battle leaves 
9. tramp lease trial found 
10. across bought camel truce 
11. makes story tremble asking 
12. early income fashion simply 
13. anchor sample truth ripple 
14. beacon giving nation humble 
15. family forgive angel bought 
• 
Test No. 29 
rr----------~ ----~,-
I 
EXAMPLES: 
my not is book that 
ran the boy the street down 
1. apples trees on grow 
2. play boys like marbles to 
3. grow boys men to become up 
4. is lesson girl her studying the 
5. there days are the week in seven 
6. children room of the out ran six 
7. away winter for nuts store squirrels 
8. Mary I runs as as fast 
9. do go we Saturday school on not to 
10. she youngest selected our the in girl room 
11. thousand many a year cars makes Ford 
12. true stories teacher about the a told them colonies 
. . 
13. who her lost girl pencil the another bought 
14. allowed up~m skate to they never river were the 
15. an embankment train leaped lost lives their and many people the 
Tesl No, 30 
EXAMPLES: 
2 
9 
(1) 3 
(2) 1 
(3) 9 
(4) .18 
(5) 2 
(6) 1 
(7) 12 
(8) 3 
(9) 1 
(10) 2 
(11) 27 
(12) 18 
(13) :t 
(14) 8 
(15) 32 
Test No. 31 
4 
8 
5 
4 
7 
15 
5 
5 
11 
6 
5 
4 
24 
17 
7 
10 
29 
6 
7 
7 
7 
4 
12 
4 
9 
10 
9 
10 
6 
21 
16 
11 
11 
27 
8 / 10 
2 6 5 
8 9 
10 12 
5 3 
9 6 
6 8 
11 13 
8 6 
12 14 
15 20 
8 10 
18 17 
14 12 
13 15 
14 17 
22 17 
12 
4 
11 
13 
1 
5 
10 
17 
4 
15 
25 
32 
15 
10 
19 
20 
12 
WHY THE FILM WAS MADE 
LEARNING ABOUT LIGHT is one of a series of 
1cyclopaedia Britannica Junior science films especially 
signed for upper elementary grades and junior high 
hools. A more advanced EBFilm, LIGHT AND ITS USES, 
intended for senior high school and college classes. 
eARNING ABOUT LIGHT is not a revision or an ahhrevi-
ion of LIGHT AND ITS USES, hut a special Junior 
ilion, tailored to the concepts taught in general science 
dbooks. In making this motion picture, the producer has 
plained new information by analogies with familiar 
•servations, and has allowed ample time for young students 
grasp each successive concept. 
CONTENT OF THE FILM 
LEARNING ABOUT LIGHT gives a pictorial demon-
~ation of basic light phenomena. It shows that some 
•jects give off their own light, while others reflect light. 
1e terms transparent, translucent, and opaque are ex~ 
ained. The film explains reflection and demonstrates the 
;g}e of incidence and the angle of reflection with a bounc· 
g hall and animated diagrams. It gives a simple expla-
Llion of refraction and shows the practical applications of 
fraction in everyday life. 
BEFORE SHOWING 
This film may be effectively used as an introduction 
d as a review of a unit on light. By previewing the film 
advance, the teacher can determine how much prepa-
Available in Black-and-White No. 890 
LEARNING ABOUT LIGHT 
Britannica 
Film 
16mm, Sound, 8 Minutes 
Collaborator, 
WILBUR BEAUCHAMP, Ph.D. 
The University of Chicago 
Milan Herzog, Producer 
Copyright MCMLV By Encyclopaedia Britannica Films Inc. 
Copyright and All Rights of Reproduction, Including by Television, Reserved. 
from the object or indirectly by bouncing off; that is, by 
being reflected from the object. The light-giving object 
is luminous. Others are not. 
When Is An Object Transparent, Translucent, or Opaque? 
Light can pass through some materials such as air, glass, 
or clear water. They are transparent. Other materials let 
some light pass through them and are called translucent. 
When objects stop all light, they are called opaque. Opaque 
objects cast dark shadows. 
What Is Reflection? 
We see our image in a mirror because light bounces off 
the mirror. The angle at which the light falls on the mirror 
is the angle of incidence, and the angle at which it bounces 
off is called the angle of reflection. 
What Is Refraction? 
When light passes through two transparent materials of 
different densities such as water and air, light bends. This 
bending of light is called refraction and is the basis of a 
great number of important optical instruments. 
The vocabulary of this film is restricted to words known 
to the audience. Wherever new words grow out of the sub-
ject matter, they are explained in the narration. Words 
such as reflection, refraction, angle of incidence, angle of 
refraction, transparent, translucent, opaque, luminous and 
reflected should he discussed, although they are fully ex-
plained in the narration. 
AFTER SHOWING 
tion her class needs. It may he helpful to call attention to 
e most important objectives of the film by writing ques-
ms such as these on the blackboard: Why can't you see 
the dark? Why can you see yourself in a mirror? Why The experiments performed in the film can easily be re-
th h l ? Wh d t. k · t 1 k created in the classroom if materials are available. These n you see roug g ass. y oes as 1c m wa er oo ~e it is broken? additional experiences with light are suggested: 
These basic concepts are suggested for discussion: 1. Put a coin in the bottom of a pan on the table. Then 
ask students to stand just far enough from the pan so that 
'hat Objects are Luminous and What Objects Reflect they cannot see the coin. Then pour water into the pan 
'ght? slowly until they can see the coin. Ask them to explain how 
We see objects when light reaches our eyes either directly they can see the coin. 
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